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15 (b) ~~ 6,20, and 70 
“2 out of 3° m=2 2 
“3 out of 5S’ m=3 2 
“4 out of 7’?m=4 2 
1 
1.6 (a) : 


% error = 





3.6288 — 3.5987 
3.6288 
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oleae 


2 3 4 
+ + = 2(1+3+6) = 20 
2, 2 2 
4 5 6 
+ +] |+ = 2(1+44+10+20) = 70 
3 3 3 3 


10 
10! = /2 a2) = (7.92665)(3.678797)'° = (7.92665)(454, 002.49) = 3,598,719 
e 


-100 = 0.83% 


12 
12!= 2 a 2) = (8.683215)(4.41455)"? = 475,683, 224 
e 


% error = 


_ 4.7800 - 4.7568 
4.7900 


ms( 2) 


-100 = 0.69% 


e 





52 52! 
(b) = = 
13) 13! 39! 


13” . 4 


~ (V19. 52 13°.13".3"  J19.5a 3” 
: ae _ ({2n 

1.7. Using Stirling’s formula in = 
n 


an 


92" ~ 


1.8  n’ and 12° = 1,728 


rtn-1 5+3-1 
1.9 and = 
r 5 


sa) 


e 


52 
z = 639 billion 


2n! 


n!n! 





yields 


=1 


Jez 


1.10 Substitute r—n for r into result of 1.9 


Peed en al 


sala} 
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1.11 (b) Seventh row is 1, 6, 15, 20, 15, 6, 1 

Eighth row is 1, 7, 21, 35, 35, 21, 7, 1 

(x+ y)® = x° + 6x2 y+ 15x1 y? +20x7y? +15x? y* + 6xy? + y® 

(xt y)) =x! + 7x°y +21 x? y? +35x1 py? + 35x72 y* + 21x? y+ 7xy> ty! 
1.14 (a) Setx=landy=1 


(b) Setx=1andy=-l 
(c) Setx=landy=a-1 





ala) aca) 
TAO) (Gye, he BI Ae, AIS pg ONC) iG 





24 384 6 
iN te 1h a GY eh BY 
b Cd i omelets) eee) prose ee Uecen | oes rape eer | pesto | 
cw) Baa(egF afrod(P)oa(-2) 2) 3-4) 34) 
=] 143-24 |-2 EEE 
8 64 512 512 
=9.2!F 2593 
512 
M4? _ 4.230 
512 
1.20. (a) SDE HCO ea 


r! 








(b) -") = (-—n)(-n-1)...Q-n-rt+l1) es n(n+l)...nt+r-1) 


r! r! 


=) 





-(ntr-l)..(nt)n -en("T") 


r! 


81 -8-7-6-5-4 | 
2! 313! 2-6 


1.21 





560 


1 876-5 
9! 28.32 (Ay = 2B E94 8 9. 64 = 93,294,320 
3! 2! 3! 12 


1.22 
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1.24 Note: If there are 0 turn-ons the first night, 6 turn-ons in four nights can only occur if there are 2 
turn-ons on each of the subsequent three nights. Thus, we need to show only that part of the tree 
following this event. 


Night 
i 5 Total 
3 Turn-Ons 
0 2 2 = 
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1.25 = 
° 


mMoOaAWD 


ea 
E 
1.26 (a) pes (b) ie 
D D 
A A 
C B C B 
D D 
A A 
B B 
D D D 
1.27 (a) 5 
(b) 4 
1.28 0 
1 
0 2 
1 0 
1 
2 0 
1 
2 
1.29 W— 6 
<° a 
We 4 
W, L 3 2 
3 4 
- IY 3 5 
L 1 2 
2 L— 0 


1.30 (a) 6:5=30; (b) 6-6=36; 


1.31 (a) 6; (b) 6:5=30; (c) 5:4=20 first one fixed; (d) 6+30+20=56 


1.36 


1.37 


1.38 


1.39 


1.40 


1.41 


1.42 


1.43 


1.44 


1.45 


1.46 


1.47 











(a) 4-5-2=40;(b) 5-6-3=90 
(a) 5-4=20; (b) 5-4-3=60 
3 = 14,348,907 
be ere 
324 
A 
(a) 10-9-8-7=5040; (b) 3040 _ 510 
24 
(a) 14:13 _ 91. @) 141912) 325 
pe coe 
6!=720 
! 
ots 
21212! 8 
5!=120 and 120-2-4!=72 
7!= 5040 
5! 
(a) 5!=120;  (b) Tia 
! ! 
10! _ 3628800 _ 55 499 na! _ 40320 _ 3360 
3! 312! 72 312! «12 
! 
10! _ 3628800 _ 1,260 
5!4! 120-24 
! 
8! _ 40320 _ 595 
314! 6-24 


| = 77,520; 
(a) Sone 


20) (20) (20) (20 
+|— [+]- [+] |=1140+190+20+1= 1351 
] ee ) ee 


3-4=12 


20 
(b) =184,755 
10 
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1.50 


1.51 


1.52 


1.53 


1.54 


1.55 


1.56 


1.57 


7\ (3\(7 
24 (3K 1 
Cia Be: 
= 6-35-3= 630 
3)\1 


13)\(13)\(13)(13 
I 3 I 3 | | 1287 -286- 286-78 = 8,211,173, 256 


! 
T= 2 = 420 


Biot 419 


310 


5 


- 
" 
ON 
ie 
ies 


= 59,049 


= 15,625 


moo) (Cam 
(ee 


44+3-1 16 
120 
|- ue 


r-2n+n- a te n- = 
soe 


2.1 


2.6 


2.7 


2.8 


2.9 


2.11 


2.12 


Chapter 2 


(a) P[A]=P[(ANB)U(AUB’)]= P(AN B)+P(ANB’)= P(ANB) 
(b) AUB=(ANB)U(ANB)U(A'NB)=AU(A’OB) 


P(A)- P(A B)=(at+b)—a=b= P(ANB’) 
P(AU B) = P(A) + P(A’, B)> P(A) 


1— P(A)— P(B)+ P(AN B)=(at+b+ct+d)-(at+b)—-(at+c)t+a=d 
= P(A’OB’) 
P[(AN B’)U(A’OB)]=b+c=(atb)+atc)—2a 
= P(A)+ P(B)-2P(ANB) Refer to Figure 2.6 


(a) P(A)+P(B)-P(ANB)20—- P(ANB) ¥ P(A) + P(B) 

(b) P(A)+P(B)-P(ANB)S1 P(ANB)= P(A)+P(B)-1 

Refer to Figure 2.7 P(A)=1l7> e=c=f =0 
P(B)=1l1>d=f=g=0 


P(C)=1j b=e=¢g=0 
Therefore P(A)=a+b+d+g=az=1 QED 











P(AU B) = P(A) + P[A’ OB) 
= P(A) + P(A’ OB) + P(AN B)— P(AMB) 
= P(A)+P(B)-P(ANB) QED 


P(A) + P(B)+ P(C)— P(AN B)— P(ANC)- P(BAC)+P(AQNBONC) 
=(atb+d+g+(atbt+cte)t+(at+ct+d+ f)—-(atb) 
—(at+d)-(at+c)+a=atbt+ctdtet+f 
=P(AUBUCUD) 
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2.13 


2.14 


2.15 


2.16 


2.17 


P(A) + P(B)+ P(C)+ P(D)— P(AN B)- P(ANC)— P(AND)— P(BOC) 

—-P(BAD)-P(CAD)+P(AQNBOC)+P(ANBOD) 

+P(ANCOND)+P(BACND)-P(ANBOACOD) 

=(atbtdt+gtitjtlto)t(atbt+ctetit jtk+m) 
t(atctdt+ftitktl+n)t+(atb+ctdtetft+gth) 
—(at+btit j)-(atd+titl)—(atbt+d+g) 
—(atctitk)—(atbt+cte)—(atctdtf) 
t+(ati)+(atb)+(at+d)t+(atc)—a 

=atbtctdtetftgthtitjrkt+l+mtnto 

=P(AUBUCUD) 


For n=2, P(E, UE,)= P(E,)+ P(E,)— P(E, 0 E,)S P(E,) + P(E) 


Assume that forsomen: P(E,UE,U...UE,)= Y'P(E;) , then 
jel 

P(E, GE U.UE)VE,g =P | VE UWE jUE,s| 

ntl 

SPE OE OOF, ) PE aS) es 

jel 
where the first inequality follows from the first step of the induction, and the second inequality 
comes from the second step of the induction. 








Dp A 
P =") pnh=A-Ap, PAt+ pB=A, p(A+B)=A, p= 
<p B’ Pp P 5 Pp 5 ph ) > P A+B 
(a) P:ostulate 1 P(A)=—“—>0 

at+b 


(B) Postulate2 P(A)=—“—, P(A’)=—— 
atb at 





P(A) + P(A) = 2-42 = 1= P(S) 
a+b a+b 


A 
(a) P(AlB)="SO™) 20; (b) P(B|B)= 


PIBOB) _ PCB) _, 
P(B) ~~ -P(B) | 





P[A, U A, VU...) OB] 
P(B) 
SPOR) PE AORY 
P(B) P(B) 
= P(A,|B)+ P(A, |B) +: 


(ce) P(A,UA,U...|B) = 
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2.18 For example 
(a) If P(ANB)=P(ANB’)= P(A’ B) 
= P(A’ B’)= : so that 


l 1 








1 , 
P(BIA)= =, P(B|A’)= =, and 
P(B|A)+ P(BA’) =1 
A B I 
(b) If PLAN B)= P(ANB’)= P(A’ B)= = 
2 and P(A’ B’)= Z 
5 


P(B\A) = 7 P(BIA’) = * and 


P(B\A) + P(B\A’) =: 
2.19 P(ANBACOD)=P(ANBOC)P(DIANBNC) 
= P(ANB)P(C|ANB)P(D|ANBOC) 
= P(A)P(B|A)P(C|ANB)P(D|AN BOC) 


P(AQNBOC) _PIBAC) _, PPANBOAC) _ P(ANB) 
P(ANB) _—~P(B) P(BAC) —~P(B) 








2.20 P(C|AN B) = P(C|B) > 


— P(A|BAC) = P(A|B) 


PAN B) _ popy_, PCAOB) 


2.21 P(B\A) = 
P(A) P(B) 


= P(A) — P(A|B) = P(A) 


2.22 (a) P(B)= P(AQB)+ P(A’ OB) = P(A) P(B) + P(A’ OB) 
P(A’ B) = P(B)— P(A) P(B) = P(B)[(1— P(A)] = P(B) P(A’), QED 


(b) P(B’) = P(ANB’) + P(A’ 0B’) = P(A’ 0B’) + P(B’)P(A) 
P(A‘ B’) = P(B’)— P(B’)P(A |B’) = P(B’)[(1— P(A) = P(B’) P(A’) QED 





2.23 Assume that A and B’ are independent and show that this leads to contradiction. 


P(A) = P(A B) + P(AN B’) = P(AX B) + P(A) P(B’) 
P(AN B)= P(A) ~ P(A)P(B’) = P(A)[1— P(B’)] = P(A)P(B) and A and B are independent 


2.24 P(A)=0.60, P(B)=0.80, P(C)=0.50, P(ANB)=0.48, P(ANC)=0.30 
P(BOC)=0.38, PCAN BOC) =0.24 
P(AN BOC) =0.24, P(A)(B)(C) = (0.6)(0.8)(0.5) = 0.24 
P(BOC)=0.38, P(B)P(C) = (0.8)(0.5) = 0.40 Band C not independent 
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2.25 


2.26 


2.27 


2.28 


2.31 


Refer to 2.21 
P(AQ B)=0.48, P(A)P(B) = (0.6)(0.8) = 0.48 A and B independent 
P(ANC) =0.30, P(A)P(C) = (0.6)(0.5) = 0.30 A and C independent 
P(BOC)=0.38, P(B)P(C) = (0.8)(0.5) = 0.40 B and C not independent 


(Refer to 2.24 and 2.25) Already showed that A and B independent,. 
A and C independent 
PL(AN(BOC)]=0.54, P(A) =0.60, P(BUC)=0.92, (0.6)(0.92) = 0.552 # 0.54 


(a) = PLAQ(BOAC)]= PAN BOC) = P(A)P(B)P(C) = P(A)P(BOC) QED 


(b) PIAN(BUC)]= PI(ANB)U(ANC)] 
= P(ANB)+P(ANC)-P(ANBONC) 
= P(A)P(B) + P(A)P(C)— P(A) P(B)P(C) 
= P(A)[P(B)+ P(C)- P(BAC)] 
= P(A)P(BUC) QED 


P(A|B) > 





(A) 


Proof by induction: If n = 2, then P(A, U A,) = P(A,)+ P(A,)— P(A,): P(A,) 
and 1—[1— P(A,)]-[l— P(A,)]=1-1+ P(A,) + P(A,)— P(A, )P(A,). 
Assuming P(A, UA, U...UA,)=1-[1— P(A,)]-[1- P(A,)]-...-[1- P(A, I]. 
we can write 
P(A,UVA,U...UA, VA,,,) = P(A UA, U...UA,) + P(A,,,) 
— P(A, U Ay UV... An) P(A na) 

= P(A,VA,U...UA,)-[1— P(A, 4) 1+ P(A, 4) 
= (1-[P(A)]-1- P(A). = P(A, = PCA I+ PCAya) 
=1-[1- P(A,)]-1- P(A,)]-...- P(A, P(A, I 


k 
Two at time 4 


k 
Three at time a 


om 
[OG th ihe 


P(AN®) = P(A): P(A) = P(A): P(@), since P(@|A) = P(@) = 0. 
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2.32 Since B,UB,U...UB, =S, AQN(B, UB, U...UB,) =A. Thus, by the distributive property, 
(ANB,)U(ANB,)U...U(ANB,) =A, and 
P(A) = P(B,)P(A|B,) + P(B,)P(A|B, )+...+ P(B,)P(A|B,) QED 


-1 
2.33 The probability of no matches on any given trial is di 





; since the trials are independent, the 





probability of no match in 7 trials is (7 = *) = [1 - +) : 
n n 
2.34 P(AUB)= P(A)+ P(B)- P(ANB)=[1- P(A] +[1- P(BY)]- PCAN B) 
= 1- P(A’) - P(B’)+[1- P(ANB)]. 
Since 1— P(ANB)20, P(AU B)<1-P(A’)- P(B’) QED 


2.35 (a) {6,8,9};  (b) {8}; (©) {1,2,3,4,5,8}; (d) {1,5}; 
(e) (2,4,8}; () © 


2.36 (a) Los Angeles, Long Beach, Pasadena, Anaheim, Santa Maria, Westwood; 
(b) San Diego, Long Beach, Pasadena, Anaheim, Santa Maria, Westwood; 
(c) Santa Barbara; (d) ©; (e) San Diego, Long Beach, Santa Barbara, Anaheim; 
(f) San Diego, Santa Barbara, Long Beach; (g) Los Angeles, Santa Barbara, Anaheim; 
(h) Los Angeles, Pasadena, Santa Maria, Westwood; (i) Los Angeles, Pasadena, 
Santa Maria, Westwood. 


2.37 (a) {5,6,7,8}; (b) {2,4,5,7}; (© {1,8} @ (,4,7, 8} 


2.38 (a) Hechooses acar with air conditioning. 
(b) He chooses a car with bucket seats or no power steering. 
(c) | He chooses a car with bucket seats that is 2 or 3 years old. 
(d) Hechooses a car with bucket seats that is 2 or 3 years old. 


2.39 (a) House has fewer than three baths; 
(b) does not have fire place; 
(c) does not cost more than $200,000 
(d) isnot new; 
(e) _ has three or more baths and fire place; 
(f) has three more baths and costs more than $200,000 
(g) costs more than $200,000 but has no fire place; 
(h) _ is new or costs more than $200,000 
(i) is new or costs $200,000 or less 
(j) has 3 or more baths and/or fire place; 
(k) _ has 3 or more baths and/or costs more than $200,000; 
(l) is new and costs more than $200,000 
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2.41 (a) 


(b) 
(c) 


2.42 (a) 


(b) 


2.43 


2.44 


2.45 


(a) Sel. (b) 1454...5* = 


13 


(H,1), (H,2), CH,3), CH,4), (A,5), (H,6) 

(T,H,H), (T,H,T), (T,T,H), (T,T.T) 

(H,1), (H,2), CA,3), CH,4), (A,5), (H,6), (T,H,T), (T,T,H) 
(H,5), (H,6), (T,H,T), (T,T,H), (T,T,T) 


S= {(0,0,0)...(1,1,1)} 

A= {(,0,1),(0,1,1),0,1,0} 

B= {(0,1,)} 

C= {(1,0,1)} 

A & B not mutually exclusive, A & C not mutually exclusive, B & C are mutually exclusive. 


3, x3, XX, 3, x,x,x;3,... where x, =1,2,4,5,6, for alli 


ue | 


={(x,y)(x- 2)? +(y +3) $9} 


(a) (x<x<10); (b) (x[5<xS8); (©) (xB<xS5); 
(d) (x]0<x<30r5<x<10) 


2.46 1 A driver has liability insurance and collision insurance. 
L C Be as neice 
2 A driver has liability insurance but not collision insurance. 
3 A driver has collision insurance but not liability insurance. 
4 A driver has neither liability insurance nor collision insurance. 
4 


2.47 (a) 
(b) 
(c) 
(d) 


2.48 


2.49 (a) 





A driver has liability insurance. 

A driver does not have collision insurance. 

A driver has either liability or collision insurance, but not both. 
A driver does not have both kinds of insurance. 


(a) Acar brought to the garage needs engine overhaul, transmission 
repairs, and new tires. 

(b) Acar brought to the garage needs transmission repairs, new 
tires, but no engine overhaul. 

(c) Acar brought to the garage needs engine overhaul, but neither 
transmission repairs nor new tires. 

(d) Acar brought to the garage needs engine overhaul and new 
tires. 

(e) Acar brought to the garage needs transmission repairs, but no 
new tires. 

(f) Acar brought to the garage does not need engine overhaul. 


5; (b) land2together (c) 3,5,and6together; (d) 1,3, 4, and 6 together 
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2.50 500—(308+ 266)+103 = 29 #59 results are inconsistent 


29 


2.51 200-(1.38+115)+91= 38 


P S 


2.52 (a) 12; (b) 6; (c) 20 


TH Ss 


is 
(SI 


M 14 


2.53 (a) _ permissible; 
(b) not permissible because the sum of the probabilities exceeds 1; 
(c) permissible; 
(d) not permissible because P(E) is negative 
(e) not permissible because the sum of the probabilities is less than 1. 


2.54 (a) 1-0.37=0.63; (b) 1-0.44=0.56; (ce) 0.37+0.44=0.81; 
(d) 0; (e) 0.37, P(AX B’)= P(A) for mutually exclusive events; 
(f) 1-0.81=0.19 


2.55 (a) Probability cannot be negative. 
(b)  0.77+0.08 = 0.85 4 0.95 
(c) 0.12+0.25+0.36+0.14+0.09 + 0.07 = 1.03 >1 
(d) 0.08+0.21+0.29+0.40 = 0.98 <1 


2.56 (a) 0.12+0.17=0.29; (b) 0.17+0.34+0.29 = 0.80 
(c) 0.34+0.17+0.12=0.63; (d) 0.34+0.29+0.08+0.71 
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2.57 


2.58 


2.59 


2.60 


2.61 


2.62 


(0,0), (1,0), (2,0), (3,0), (4,0), (5,0), (0,1), (LD, (2,D, 3D, 
(4,1), (5,1), (0,2), (1,2), (2,2), (3,2), (4,2), (5,2), (0,3), (1,3), 
(2,3), (3,3), (4,3), (5,3), (0,4), 1,4), (2,4), (3,4), (4.4), (5,4) 


(a) 
(a) 
(e) 


(a) 
(c) 


16 
2 











> 


10 1 5 1 151 10 1 

30 3 ») 30 6 ©) 30 2 @) 30 3 

20+10 3 4:5. 1 2:4 1 4+2+1+1 1 
= 3 = () = =; =— 

80 8 80 4 80 =610 80 10 

8+14_ 22 11 

80 80 40 


0.24+0.22=0.46; (b) 0.15+0.03+0.22 =0.40 


0.03+0.08=0.11;  (d) 0.15+0.03+0.28+ 0.22 = 0.68 


120 20 





52 
2 


~ 7326 221 


Let P(A)=4p, P(B)=2p, P(C)=2p, and P(D)=p. 


Then 9p=1 and p= 


(a) 
(a) 


(b) 


o) 


> 


(b) 1- 


2 
9 
13\(4)(4 
44 
Bae _ 13-12-6-6-44-120 198 


= 0.0475 





13-48 | 


oe 2-52-51-50-49-48 4165 
5 


13-48-1201 





| 


52 
5 


51-51-50-49-48 4165 
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ala} 
263 (a) VZAZAZ) _ 15-10-3-4 _ 25 


6 6-6:6:6-6 108 
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5 
{34 6-10-5-4 25-4 25 
() 4—=2 = =e 





6 6-6:6:6:6 648 162 
5)\(2 
6-5 
3}l2 6-5-10 25 
@ A= = S 
6 6-6-6-6-6 648 
5 
(3h 6-5-5 25 
@) 2-=_7? = 
6 6-6:6-6-6 1296 
see. laa 5 78-[64+36-34] 12 2 





78 78 13 
12 


2.64 (a) P(AUB) isless than P(A). 
(b) P(AMB) exceeds P(A). 
(c) P(AUB)=0.724+0.84-0.52 = 1.04 exceeds 1 


2.67 The area of the triangle is — = 6; If the point is a distance x from the vertex on the longer leg, 


then is will be a units from the vertex on the other leg. The area of the required triangle is 
BM Bx" : : 2 
xX: ac = =a . For this to be greater than 3, or half the area of the triangle, x“ > 8, or x > 9/2 : 


Thus, the probability of the line segment dividing the area in at least one-half is 
4-22 _, 2 


4 2 





2.68 0.21+0.28—0.15=0.34 


2.69 (a)  0.59+0.30—0.21=0.68; (b) 0.59-0.21=0.38 
(c) 1-0.21=0.79; (d) 1-0.68=0.32 
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2.70 {OS LD b+d= 


ctd= 


OlMm wole 


poe ee hence gas 
4 4 





Se oe ome exo te gape ee oe ae 
3 4 127° 9 4 36’ 12 36 4 36 
a = P(out of state living on campus) 
b = P(out of state not living on campus) 
c = P(from Virginia living on campus) 
d = P(from Virginia not living on campus) 


2.71 (a)  (0.08)+0.05—0.02=0.11; (b) 1-—0.02 =0.98 
(c)  0.08+0.05 — 2(0.02) = 0.09 


2.72 0.74+0.70+ 0.62 —0.52 — 0.45 — 0.44 + 0.34 = 0.98 


2.73 0.70+0.64+0.58 + 0.58 — 0.45 — 0.42 — 0.41—0.35 — 0.39 — 0.32 
+ 0.23+ 0.26 + 0.21+0.20—0.12 =0.94 


2.74 (a) The probability is = = ae that one of the eggs will be cracked. 
34+21 55 





11 11 
b The probability is = — that they will not all be $1 bills. 
(b) y u 1142 13 2 . 





(c) The probability is = = ° that we will not get a meaningful word and 1- 
+ 
that we will get a meaningful word. 
6 4 
2.75 (a) The odds are — to— or 3 to 2; 
10 10 


(b) The odds are if nee or 11 to 5; 
16 16 


(c) The odds are ; to or 7 to 2 against it. 














1 4 7 7 18 2 1 
276 (a) 18+36_54_3, gy 3642768 _ 7. Gy W_2 1, 
90 90 5 90 90 10 90 10 5 

27.3 18 18 1 2% 27.3 

@ ===; © ===> @ =a == 

90 10 18+36 54 3 27436 63 7 
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18 
nm @ 1S gy 33010 
3 3/5 7 7/10 
De. re ann 
344+2 36 18 
3.79| H WwW O15. . -0A5>-.15 
0.15+0.13 0.28 28 
0.66 
2.80 a 13/36 | 13/36 wali 
‘ a+b 13/36+1/12 13/36+3/36 16 
25-40 
2.81 P(RAW)=—— 
( ) 100 
2 
_ 20 
99 
2.82 (a) phe consistent 
12 12 12 2 
(b) Pi er ae not consistent 
3 5 15 12 
2.83 (a) 
Outcome 2 3 4 5 6 7 
No.Combinations 1 2 3 4 5 6 
Probability 1/36 §=1/18 1/12 1/9 5/36 1/6 


(b) (14+24+34+44+54+64+54+44+3+42+1)/36=1 


2.84 ; odds are 5 to 3 that either car will win. 


Se) 
oe 
8 8 
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9 10 11 12 
4 3 2 1 
1/9 1/12 1/18 1/36 


2.85 Using MINITAB software, first we generate 1,000 uniformly distributed pseudo-random 


numbers, putting them in Column 1 (C1) as follows: 
MTB> Random 1000 C1; 
SUBC> Uniform 0.0 10.0. 


Sorting these numbers facilitates counting the number that are less than 1. The sort is 


accomplished as follows: 
MTB> Sort Cl, C2; 
SUBC> by Cl. 


When we did this, we obtained 111 numbers less than 1; thus, the required probability is 


estimated to be 111/1,000 = 0.111. 
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2.86 (a) Repeating the work of Exercise 2.59, we found the corresponding probability for the 
second set to be 99/1,000 = 0.099. Obtaining P(AU B) is facilitated by using the LET 
command to add the two columns of random numbers and then sorting the resulting 
column. When we performed these operations, we noted that there were 22 cases in 


which the sum column contained a number less than 2. Thus, we estimated the required 
probability as 22/1,000 = 0.022. 


(b) Using Theorem 2.7 with P(A) = P(B) =0.1 we obtain 0.01+0.01—0.001 = 0.019 











2.87 0.20 _ 0.20 1 
0.20+0.30+0.10 0.60 3 
2.88 (a) 0.52 7 mane b 0.34 _ 17 : (c) 0.18+0.16-—0.10 S 0.24 _ J 
0.74 37 0.52 26 0.70+0.62—-0.44 0.88 11 
0.46-0.34 0.12 2 
@) === 
0.30 0.30 5 
ey 
2.89 3 _ 110-109-108 _ 9 7695 
120 120-119-118 
3 
2.90 (0.55)(0.80) = 0.44 
2.91 (a)  (0.8)(0.2)(0.6) = 0.096 ; (b) (0.20)(0.40)(0.60) = 0.048 ; 
(c) (0.8)(0.8)(0.2)(0.4) = 0.0512 ; (d) = (0.8)(0.8) + (0.2)(0.6) = 0.76 
2.92 1h 14.13 12. 91 
20 19 18 17 323 
2 
2.93 (a) ot bes (b) 3(2) 127 
444 64 4) 4 64 
2.94 A even first, B even second, C same number both 
1 1 1 1 3 1 
P(A)=—, P(B)=—, P(C)=—, P(ANB)=—, P(ANC)=—=— 
Ee OB) CC Ee an 


11, 12, 13, 14, 15, 16, 21, 22, 23, 24, 25, 26, 31, 32, 33, 34, 35, 36, 
41, 42, 43, 44, 45, 46, 51, 52, 53, 54, 55, 56, 61, 62, 63, 64, 65, 66 
PEAO=—, P(AQNBOC)= 3 = ! ae ! 

12 36 1 22 6 24 





2, 
11 


(a) Since u . a = 2, i z =—,and —-—= az events are pairwise independent. 
22 4 26 12 26 12 
: 111 1 : 
(b) Since —-—-=— # — the events are not independent. 
226 12 
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2.95 (a) The required probability is approximately (0.99)* = 0.9606 (assuming independence). 
The exact probability is 
990 989 988 987 


. = 0.9605 
1,000 999 998 997 





(b) The required probability is approximately (0.99)*(0.01) = 0.0097 (assuming 
independence). The exact probability is 
990 989 988 10 





. = 0.0097 
1,000 999 998 997 
2.96 (a) (0.52)? =0.1406; (b) —(0.48)?(0.52) = 0.1198 
50725. Bek 
109 8 12 


2.98 1-(0.9)'? =1-0.2824 = 0.7176 


6543 1 


2.99 — 
15 14 13 12 91 





2.100(a) = (0.9)(0.9)(0.9) = 0.729 
(b)  (0.6)(0.6)(0.4) = 0.144 


1 1 1 1 1 1 
2.101 P(A) =—, P(B)=—, P(C)=—, P(D)=-, P(ANB)=—-, P(ANC)=-, 
ie at NEN BN a a la a 


> 


P(AND)=2, P(BAC) =, P(BAD)=4, P(CAD)=~ 

6 6 6 9 

PAAR AGS: PAAR AD) =— P(AACAD) =, 
12 12 18 

PBACND)=—. P(AMBACND)=—. Substitution shows that all conditions for 


independence are satisfied. 


MD 
S 0.84 - 
2.102 (0.7)(0.84) + (0.3)(0.49) = 0.735 
0.49 

NA aa 

0.6o~ Wee 0.45 
2.103 0.15 wo 0-70 RWS (0.60)(0.45) + (0.15)(0.70) + (0.25)(0.40) 

0.25 Fl 6.40 = 0.27+0.105+0.1 = 0.475 
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Chapter 2 
L 
0.5 0.68 
2.104 L 
0.5 R 0.84 
2.105 ee = 0.5684 
0.475 
FB 
2.106 0.82 
i AFB 
0.96 NEB 0.03 
0.6 2 0.35 
2.107 C 
0.4 NS 0.85 
0.08 2 0.95 
2.108 ae 
0.92 ND 0.02 
2.109 
2.110 (a) 0.032; (b) 0.09375; 


ScholarStock 


21 


(0.5)(0.68) + (0.5)(0.84) = 0.76 





(a) (0.04)(0.82) + (0.96)(0.03) 
= 0.0328 + 0.0288 = 0.0616 
(b) aoe 0.5325 
0.0616 
(0.6)(0.35) 02K: 23021 


= 0.3818 





(0.6)(0.35) + (0.4)(0.85) ~ 0.21+0.34 0.55 





(a) — (0.08)(0.95) + (0.92)(0.02) 
= 0.076 + 0.0814 = 0.0944 
(b) peoeee 0.8051 
0.0944 


0.05 / 0.3425 = 0.1460 
0.08 / 0.3425 = 0.2336 
0.10/0.3425 = 0.2920 
0.1125/0.3425 = 0.3285 


(a) 
(b) 


Most likely cause is sabotage. 
Least likely cause is static electricity. 


(c) 0.625 
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(0.10)1 0.10 





a 6 
(0.09)(0.2) + (0.02)(0.4) + (0.01)(0.6) + (0.02)(0.8)+0.10 0.148 
Smokes 
2.112 PM 12/20 P(Y)=0.6 P(M)+0.4[1- P(M)] 
ae (a) P(Y)=0.4+0.2 P(M) 
ee en a (b) 5P(Y)=2+P(M) 
106 


P(M)=5-——-—2=0.12 
250 


2.113 (0.95)°(0.99)* = 0.832 


2.114 (0.995)(0.990)(0.992)(0.995)(0.998) = 0.970 
2.115 R° =0.95.. R=(0.95)"" = 0.991 


2.116 R'° = 0.90... R = (0.90)"! = 0.990 
2.117 1- (1-0.8)(1-0.7)(1- 0.65) = 0.979 


2.118 1—(1—0.85)(1— 0.80)(1 — 0.65)(1 — 0.60)(1— 0.70) = 0.999 
2.119 (0.95)(0.90) [1 =i 0.60)" ][1 Si 0.75)" | =0.781 


2.120 (0.98)(0.99)|1— (1-0.75)(1 — 0.60)(1 — 0.65)(1 — 0.70)(1 — 0.60) | = 0.966 
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3.2 


3.3 


3.4 


35 


3.6 


3.9 
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(a) No, because f(4) is negative; (b) Yes; (c) No, because f(1) + f(2) + f(3) +f(4 = = is 


less than 1. 


(a) No, because f(1) is negative; (b) Yes; (c) No, because f(0) + fC) + f(2) + f(3) +ft4) + 
JAS) is greater than 1. 


f(x)>0 for each value of x and 


1 








. 1228 2 (k+l) 
2 OE tea re ey, = 


(a) cU+24+3+...5)=1; thus C = 


(b) e(s+3+343-+1)=15 thus gee 
2 3 4 137 


k k 
() SM f=cH x =cS(k,2) 
x= x=1 


From Theorem A.1 we obtain $(k,2) = =k(k +1)(2k +1) 


6 


Thus, for f(x) to be a distribution function, c = —————_——., k #0 
k(k +1)(2k +1) 


@ Yfw-= ‘>(4] 
x=1 x=1 


The right-hand sum is a geometric progression with a = | and r= 1/4. 
For x = | ton, this sum equals 


GG) 
ee A 


Oe BANS 





as n— oo. Therefore, c=3. 


For f(x) =(—-&)k* to converge to1,0<k< 1. 
For c > 0, f(x) diverges. For c = 0, f(x) = 0 for all x, and it cannot be a density function 


(a) No, because F(4)>1; (b) No, because F(2)< F(1); (c) Yes. 
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4 1 2:6 12 3 4 1 
3.10 0)=—=-; J) = — =— =-, F(2)=—=-— 
FO) 20 5 f) 20 20 5 5075 
0 x<0O 
1/5 O<x<l 
F(x)= 
4/5 1<x<2 
1 2<x 
5? td 1 1 1 1 1 1 1 
3.11 (a) —-—=-; (b) —--=-; (Ce H=-, 4)=—, f(6)=— and f(10)=-, 
argent Cea asd Maen ae 
O elsewhere. 
3.12 F(x)= 0 x<l 
1/15 1<x<2 
3/15 2<x<3 
6/15 3<x<4 
10/15 4<x<5 
1 S5<x 
3 3°) A 1 1 3 
3.13 (a) — b —-—= c d {se 
aS (b) Gora (c) eee) rie 
3 1 1 3 1 
e) —--=-— J-—=— 
(e) 4 4 2 4 4 


3 4 B 6 7 
3.14 fM=55: AO lear rs, F@O)= 75° fA=s5> LO a. 


0 x<l 
3/25 1<x<2 
7/25 2<x<3 


F(x)= 
12/25 3<x<4 
18/25 4<x<5 
1 5<x 
50 25 50 25 50 25 50. 25 50 


3.15 (a) P(x>x,)=1-P(xSx,)=1-F(x,) fori=1,2,...,n 
(b) P(x>x,)=1-P(x<x,)=1-F(x%,_,) fori=2,...,n and 
P(x2x,)=1 


Chapter 3 


3.16 


3.17 


3.18 


3.19 


3.20 


3.21 


0 
1 
F(x)= se) 2<x<7 


1 


r rl. 
(a) J #0)dr=[ cave x 
—oo 2 





71 1 2 
(b) [Pa =2 


co 


(a) f(x)=0, 0<x<0, and | fade = fear =e" =a 
0 


0 


(ec) P(x>l= ferax =e! 
1 


1 
(a) f(x)>0, O<x<1 and [ fae =1 
0 


0.5 
(c) P(0.1<x<0.5)= i 3x2dx = 0.124 


0.1 


3.2 
1 1/ y* 3.2 1 
a —(y+)dy =-| —+ = —(8.32-4) =0.54 
@ [0 )dy ie rf 3! ) 


3.2 “ 
(b) [to+na=+4 J hy 32 _ 1g 397.105) =0.1519 
8\ 2 2a Bo ; , 











113.97 
(a) ro2=3| ; 





+3.2—- ‘ = 0.54 


25 
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2: 
(b) F(3.2)= F2.9)=0.54- if ze 





+2.9— ‘ = 0.54—0.3881= 0.1519 

















4 
4 1 
c -1/2 x 
3.22 (a) 1=|—<dx= dx=c——| = =— 
@) toe al *= "77210 4 
1/4 
1/4 
(b) [x<t |= foear= tft ives 111 
4) 4 ade 4 A yO. 9 
ae Dat. 4 
1 
3.23 F(x)= 5x 
ns x<0 
F(x)= sve O<x<4 
1 4<x 
r(t)=44=4 mais ro=i-te! 
4) 22 4 a 
i —27 rl -u k -u _k =e = 
3.24 Fak] ze ae du=T[l-e"|=5(-e*)  k=2 
0 z<0 
3.25 F(z)= 
l-e* z>0 
1/4 
3.26 P ee = (3x* —2x3) ae ee 
4 0 16 32 32 
b 
i Page |e came ee | 
P| x>—|= | 6x(1—x)dx = (3x? -2 (4) 222 |2— 
[x q pa naa cada (3 ‘) 2 
x 0 x<0 
3.27. F(x)= foxa- x)dx = 3x° - 2x3 F(x) =43x° -2x7 0<x<1 
0 1 1l<x 








Pees ee aa es Sie oe Se 
4) 16 64 32 2 4 8) 2 
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3.28 


3.29 


3.30 


3.31 


F(x)= [x dx = x 
0 
1 


1 aan lk eee | x 3 
F(x)= ste x)dx = [2-2 )-4 a 
2 
yy eee | 
5 
0 x<0 
x 
— 0<x<l 
> 
F(x)= 5 
jp 4 ee 
2 
1 2<x 
rl 
F(x)= [3dr=x Otol F(x)=—  1to2 
0 
0 x <0 
1 
—x O0<x<l 
3 
1 1 
F(x) = 30-2) 2to4 F(x)= ; 1<x<2 
ee | Aa) 2<x<4 
3 3 
1 4<x 
1 1.2 2] 2 1.2 1 
(a) [xact (Goede. ao -($-032 
’. 2 10.8 PN ats Ad 
1.2 8) 
(b)  F(1.2)— F(0.8) = 2(1.2)- G2 a me [oo 
= 2.4-0.72-1-0.32 = 0.36 
x<0 F(x)=0 
x 1 
O<x<l F(x)=— F()=- 
x, (x) Fi (1) ri 
ee 3 
B (x)= CG (2) ri 
3 x 5 
2<x<3 F =—x-—-— F(3) =1 
” (x) a a (3) 
3<x F(x)=1 


0 to | 











27 


)+(24-072-243) = 0.36 


28 


3.32 


3.33 


3.34 


3.35 


3.37 


3.38 


3.39 


3.40 


3.41 











1 1 32 Al 
a —|-F|-—|]=—-—=-—; F(3)-F(2)=1-1=0 
(a) 5] [5] 4 4 2 Bes 
ae FGyee for -1<x<1; O elsewhere 
dx 2 2 
p(-$<e<g)-p=3: PQ<x<3) =0 
2) ° 2, 2 
9 16 
a F(5)=1-—=— 
(a) (5) 5° 95 
9 9 
b 1- F(8)=1-1+— = 
(b) 8) 64 64 
ae for y>0; elsewhere 
dy 
718 9|5 9 16 18 9 
(a) dy =- ==-—+l=—; (b) dy sos 
is yB 25. 25 J y° 





P(x <2)= F(2)=1-3e7 =1-3(0.1353) = 1—0.4074 = 0.5926 


P(1< x <3) = F(3)- F() =1-4e? -142e1 -4e7 
=2(0.3679) — 4(0.0498) = 0.7358 — 0.1992 = 0.5366 


P(x >4)=1- F(4) =5e* = 5(0.0183) = 0.0915 








a = xe for>0; 0 elsewhere 

dx 

(a) for x<0 F(x)=0 

(b) for 0<x<0.5 F(x)=53 

(c) for 0.5<x<1 Fa=a{ 5) 2-3 +1) 

(d) for x2>1 f(x) =0 

(a) f(x) =90; (b) f=5: (c) f=5: (d) f(x) 
—2+4 1 1 5251.3 

P(Z=-2) = P(Z=2)=7, PU2<Z<Yae- =e 


and PS 2<2)=1-5= 


Nile 
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29 
3422 aes Oe ee: @i eee 
20 4 8 8 6 4 12 2 6 24 40 120 30 
3.43 (a) Lge (b) 0: (c) od feng lsu (d) ,-2 U9 
6 12 4 12 6 24 24 120 120 
3.44 c(2+54+10414+44+94+2454+104+10+134+18)=1 
1 
c=— 
89 
1 29 1 5 
3.45 (a —(10+9+10)=—; (b) —(+4)=— 
(a) a5. Vas (Dy a Ves 
(c) + 945410413418) = >> 
89 89 
3.46 (a) k(04+24+84+0-14+2)=1 
J3, 1) differs in sign from all other terms 
3.47 
x y 
0 1 2 3 0 1 2 3 
0 Oe Seer es 0 oe. ee ais 2 
30 15 10 30 10 5 
1 1 1 2 1 2 3 8 
y 1 — — — — 1 — — — — 
30 15 10 15 30 15 10 15 
pide ce ee ae a 
15 10 15 6 10 10 5 
density joint distribution function 
3.48 (a) P(x S-0, y<-0c)=0 
(b) P(xSe,ys<oo)=] 
(c) F(b,c)=F(a,c)+ three probabilities 
F (b,c) = F(a,c) 
Ds, 1 a? x 
3.49 et kf [ x(x—y)dy dx=k] xy |" ax 
eee 0 —x 0 2 J\-x 
XR 1 % 3 1 k 
~s : 2 2 2 


k=2 
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1/2 1/2-x 1/2 2 


3.50 24 | | xy dy dx= 24 | 
0 O 0 





1/2-x 2 1 2 
dx=12] x —-x| dx 
0 ‘4 2 

















2 a oe 
1/2 
=12 (4-24 Jax=12 Be ype =] o- s+ | 
: 4 8 3 4 | 0 32 24 64 
12 12 1 
SAE Garg eg) See 
64-3 3:64 16 
1 
3.51 eS (ay = 
Noe : 10-3 4 5 
by ee eet 
Bix ee eer 
2/3 1 
(c) seer Bee 
233 23 3) 9 3 
F(x,y)=2xy for x>0, y>0,x+y<1 
3.52 (a) 71 11 
2. 2 2; 
1 ey y ee 
3.53 J- | dx dy + | —[dxdy 
1/2 4 12-y 12> 0 
ve =|- sin 2=1-0.3466=0.6534 
1/2 
OF 2 Paty: a aene) ~(2+y?) 
3.54 ——=2xe"* -2ye” =4xy*e* =4xye“*"’ x>0,y>0 
dy Ox 


and f(x,y) =0 elsewhere 








2 2 4 2 2 
2 2 4 
3.55 |2xe™* dx|2ye” dy=| |e “du | =| -e™ =(e!-e"y 
fawrafawray— [fone] -(~-f) 
2 
3.56 oF =e*-e* on =e** x>0,y>0 
ox oxdy 


= 0 elsewhere 


3.57 fe*aeferay = =e 
2 


a 


2 
4 = (e° = gy 





3.58 F(b,d)—F(a,d)—-F(b,c)+F(a,c) 
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3.59 a=1,b=3,c=1,d=2 
F(3,2)- Fd,2)- F(3,1) + F(1,1) 


=(l-e*)(l-e*)-(l-e')(1-e*) -(l-e*)(1-e"')+(1-e')d-e") 
ane) e084 =C2 doe Jade) | 
=(dse"\l-e")| de )ade")) 

=(e!-e*\(e!-e°) =0.074 


3.60 F(2,2)- F(,2)-F(2,1)+ Fd,1) 
=(1-e“)-e*)-(l-e")d-e“) -(1-e)d-e*) +(1-e")-e") 
(=e) de") de") | “de )/d-e) le) 
=(1-e“)(e' -e*)-d-e yet -e%) 


= (e! = eer _ e-) = (ee _ ery 


3.61 F(3,3)-F(2,3)-F(G,2)+ F(2,2) 
=(1- ee a e°) 


=((3¢* suet +e°\= de" S¢@*4¢° +(l-e” —¢° +e") 


=e*-2e +e °%=(e?-e°)y QED 
3.62 x=1,2 
y=1,2,3 
z=1,2 
(14+24+24+443+4642+44448+46412)k =1 
ps2 
54 


1 1 
3.63 = (ase 
a ag 


1 14.7 
b) —(8+6)=—=— 
5g Ot) a7 


1 9 . 
364 @)  T(lt24244)= Taos 0 ©] 


J 
6 


1 oe 
3.65 | we xy(1= z) dx dy dz 
0 0 


1-z 


1i-zl- 
| 
00 


1 
zl- yo 2) y= 2) dy dz 


y~Z 


y 
| xy(1-z) dx dydz=1 k=144 
0 
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1/2 1/2—x 1-x-y 


3.66 | | | 144 xy(1— z) dz dy dx = 0.15625 


0 0 


1/2 1/2 1/2 


3.68 (a) | | | (2x+3y +2) dz dy dx 
0 0 0 


1/2 1/2 


1 1/2 
5 ffarsanerS 0 dy dx 


a [8 = yt + )a dx 


3 a 2; 
1/2 1/2 
1/2 
a [+o] ax=z (Zee So ta 
a 4 8 0 3 2 16 16 








(7 3 5] 16 1 
= sea g ==: = 
3\16 32 32) 3 32 16 











1 3 
3.69 a —1 = 5 p=- 
(a) = g(-1) reese, Fi 
5 1 1 
(b) hE a AO)=-, hd=- 
4 8 
1/8 1 1/2 4 
c ee ee | eee 
OY? ON ea Oe es 
Cet ag ft. Hl OG 
3.70 a 0) =—+-—+-—=—=—; g(l)=—+ +—= — 
@ 8OF 7" s "i015. 6 a 20 1S 
fe, os 
2) =—+— = — 
8 2)= 50+ 9015 
):. Rees aot 
D6 24 24° 4.4 40 40 
17 
stro 40) "=i 
1/4 10 10 1/401 
¢ (ieee gaye s gory me 
OAM g ait may PO agen a 
{(/12° 5 1/415. 1/8 15 
(d) (0/0) = =>; w(l|0Q)=———=—; w(2|0)=———_== 
56/120 28 56/120 28° 56/120 56 
w3}o) = 2/120 


56/120 56 
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3.71 (a) 


(b) 


(c) 


(d) 


(e) 


3.72 (a) 


(b) 


3.73 (a) 


(b) 


3.74 (a) 


(b) 





m(x,y)= (+2) = for x=1,2,3; y=1,2,3 


Xz XZ 
n(x,Z)=——(1+2+3)=— forx=1,2,3; z=1,2 
(x, Z) fos: ) 18 


x x 
=—(14+2+3)==— forx=1,2,3 
g(x) 36 ) 6 x 











z/64 z 
Lye a foe edo 
Va ag 3 
yz/36 yz 
,z|3) = Nig STD 3s BEL 
UNE) ae ag : 
5 1 1 
2s Ws OS Gx)= 
g(0) D g(1) 5 g(2) 5 (x) 
2/9 4 
(ij oo 
1 Sige 
1/6 3 
ie se 
rar eae 


z 


If 1 y? |2 1 
J ext+y) eee 2Qxy+—]| = Pere eee) for 0<x<1 
0 


2 0 4 


= 0 elsewhere 


=2Q2y+0 for 0<y<2 


= 0 elsewhere 


33 


x<0 
O<sx<l 
1<x<2 
2<x 


x <0 
O0<x<l 
1<x 


, independent 
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1 
1 
3.75 (a) g[Ortyde= Zot tam =Garo for 0< y<2 


= 0 elsewhere 


dott) , 
(b) Ff) =4,— = 52x41) for 0<x<1 
a 


4 
= 0 elsewhere 


1-x 


De 2 BG 
= 12(1— x)? -12x(1- x)* -8(1- x) 


= 12(1- x)? -8(1- x)? =4(1- x)’ 


1s 2 3 
3.76 (a) feo)=24 f-ay- yy eal 2-22] 
0 





Ad-x)> O<x<1 


0 elsewhere 


rov=| 


l-y 
1 
(b)  g(y)=24 | (y-xy- y*)dy = 24{ va.- ys yy -yd- »| 
0 


et er ee eee cee De pes 
= 24(1 mt leer, »| 24y( 3 Ja y) 


_|l2yd-yy’ O<y<l 
0 elsewhere 


f(x,y) # f(x): g(y) not independent 


3.77 y 


x 


-Inx O<x<l 





1 
(a) g(x)=[-ay=iny 





1 
=Inl-Inx= 
x 0 elsewhere 


rl I 1 0<x<l 
(b) h(y)=|—dx=—(y-0) = 
aoe. y 0 elsewhere 


= #1-(—Inx) not independent 
y 








Chapter 3 
+ ane + 

378 (a) f(q|n.xm)= FAB = Ate 
[a+5]e cae 
ae 2+6x? 

f is 2 £3. |= | Oe aed 
Xy a re 1 1 = 5 

375 0 elsewhere 





(b) — g(x),%,/x,) = 
Ht, 0 


1 2 
(tee. (> + » 


Were <1 S0 


elsewhere 


3.79 (x)= | f(xy) dy Ga)= | [ f@.y) dy= FO,=) 
-0o 0 


oo 


Gta) Fea = | x>0 


0 elsewhere 


3.80 M(x,,x3)= | SF (%,5%5,%3) dx, = F(x,,0, x) 


—oo 


G(x,)= i Gane) dx, dx, = F(x,,°°, ©) 


co —co 


0 


1 
(a) M(x,,x3)= Peas +1)(-1-e"3) 


[ae 
0 x, <0 
(b) G(x,)= Sac +) O<x,<l 


1 l< x, 


x, £O0or x, <0 
O0< x, <1,x,>0 


x, 21,x,>0 


35 


36 


3.81 


3.82 


3.83 


3.84 


xX, + 0<x, <1 
(x)= : 2 : 
0 elsewhere 
e* x,>1 
(43 = : 
Os 0 elsewhere 


f (1, Xp,%3) # g(x) . h(x, ): WX) 
m(X,,%3) = 8(X,)P(X3) 
N(Xy,X3) = h(x) P(%X3) 


1 
g(x y)=16 
(a) 0 
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Xo + 0<x,<l 
AGeayas 22 a 


0 elsewhere 


not independent 
independent 
independent 


0<x<2,0<y<3 








elsewhere 
(b) je eg 
6 24 
5 2) 3 
a O=—, gH=a—, gQV=— 
(a) (0) ia g(I) 58 g(2) 38 
3.28 3 6/28 6 1/28 1 
b 0/0) = ———_=—., (1/0) =——=—, (2/0) =—— =— 
ip) #00) 10/28 10 #(1/0) 10/28 10 H(2/0) 10/28 10 
Heads Tails Probability H-T 
0 4 1/16 -4 
1 3 4/16 2 
2 2 6/16 0 
3 1 4/16 2 
4 0 1/16 4 
1 2 3 
1 3 4 
1 4 5 
2 3 P) 
2. 4 6 
3 4 7 
(a) ss 3 4 5 6 7 
f(x) 1/6 1/6 2/6 1/6 1/6 
0 x<3 
1/6 3<x<4 
2/6 4x<5 
F(x)= 
4/6 5<x<6 
5/6 6<5x<7 


1 7T<Sx 


Chapter 3 





3.85 P(H)= > 
1 6 3122 12 
a) P(0)=—, Pd)=—, P(2)=3,-.-.,-=—, P3)=— 
(a) ae (1) of (2) 43°37 (3) 
1 6 12 19 
(b) = 
Oy Sales ale a | 
0 x<0O 
1/27 O<x<l (ieee 
386 F(x)=4 7/27 l<x<2 27 2] 
19/27 Raye 3 (b) pee : 
re 27 27 
1 3<x 
0 V <0 
0.40 0<V<1 
3.87 F(V)=40.70 Levees 
0.90 2<V<3 
1 3<V 
3.88 (a)  0.20+0.10=0.30 
(b) 1-0.70=0.30 
12 
3.89 Yes; f(x)20 for x=2,3,...12 and §’ f(x)=1 
x=2 
3.90 S 2 3 4 5 6 7 8 9 10 11 12 


1/36 3/36 6/36 10/36 


3.91 (a) 


1 
5 (228.65- 227.5) = 0.23; 


15/36 21/36 26/36 30/36 33/36 35/36 


(b) (231.66 — 229.34) = 0.464 ; 


(c) 5232.5 — 229.85) = 0.53 


3.92 F(x)= sq} O5- )dxto= ss 36*- 





a} : so that F(—6) = 0 and F(6) = 1. 
208 | 














8 1 1 1 7 
a F phate t -72 _ ee ee 
- a 288° 3 2: WBS Bx 2-27 
1 t. A07 1 7571 395 
b F(6)- F() = 1-5 36--)- = = 
" aa mt a. 288 «3. «2 «864 2 854 
() F()-Fd)=—_ca08-9)-— [36-2)= 99 1 107_ 190 _ 95 
288 288 3) 288 288 3 288-3 432 


(d) 0 


37 


38 


3.93 


3.94 


3.95 


3.96 


3.97 


Mathematical Statistics, 8E 


—x/30 




















F(x) = fe ™ar+e= +é=c-¢ 7° s1-6 
30 30 -1/30 
(a) F(18)=1-e7'8° =1-e® = 1- 0.5488 = 0.4512 
(b) F(36)— F(27) = 79 — 63"? = e ©? — |? = 0.4066 — 0.3012 = 0.1054 
(ce) 1-F(48) =e? =e! = 0.2019 
F(x)= je 20,000 _ 20,000 10,000 
+100) —2(x +100)? (x +100)? 
10,000 1 
a) 1-F(200)=———=- 
(a) (200) aa 
10,000 3 
b 100;21= == 
Dy FIMO) 40,000 4 
(a) 1- F(0) == 0.25 = = 
25 39 
b) F(8)=1- = 
(b) (8) = art 
25 25 25(25-16) 1 
ce) F(15)-F(12)=—--— = = 
(c) eee) 12? 15? 1516 16 
x —x/3 
F(y=t{xedrte=+ [-Ex-1}ro=e-e | x1) 
94 91/9\ 3 
c=l 
(a) F(6)=1-3e° =1—3e? =1-3(0.1353) = 0.5491 
(b) 1-F(9) =4e% = 4(0.0498) = 0.1992 
one lisa. geder: pope eoayee 
ye o}lo }l2)~ a yr Oe “i= OS 
3 6 
£00) == pT mee xf ONS 5 


(3\(2\(3\_, 
Lollajlo)~ 


(0,2,0) = 
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3.98 (b) 
X 
0 1 2 
O: li 1 1 
9 9 36 
ore Th Be i 
3 6 
Ba | 4 
4 
1 3 3 1 
3.99 £(0,3)=—-, fd,2)=~, f2)=2, fB0=- 
8 8 8 8 
1 3 3 1 
g(0,-3)=-, gd, D==—-, g(2,)I= 3783 3)== 
8 8 8 
* ie 27h Tel 
3.100 (a) — Probability = 1/8 (b) — H#-—=-— 
1 4 4 
0.3 00 0.3 
—ps _ _& — ps 
3.101 (a) [Spe ds dp = | Se PP 
0.2 2 0.2 
0.3 5-e2P 0.3 5 
= [se??a, = ==(e —e°*) = 0,3038 
|09° 2 
0.2 
0.30 1 0.30 1 0.30 
— Pps ps = env 2 
(b) { [Spe ds dp = | “Sel dp = | 5(1—e-”) dp 
0.25 0 0.25 0.25 
=5[pte?]? =5(0.30+e°* —0.25-e°*] = 0.01202 
0.40.4 0.4 
2 Be 0.4 
3.102 (a) 3] Lory) dx w-5]c +3xy)| 0 dy 
age 
= [ ((0.16+1.2y)dy 
=3 1 ( y) 
-2]@ 160.4) +4 =o ze) - 0.064 
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ae Or 1 
b) = 2x+3y) dx dy=— | (x? +3 d 
(b) 51 J x+3y) dx dy 5] "hs y 


8 


0.5 

-=f| (1+3y)—(0.64+2.4y)] d - 7 Jiosy+0a0 dy 
0 

2 2 


= =(0.3y? +0. 36y)|9} Sa = =(0.075+0.18) = 0.102 


Se 





5 15 3 
3.103 0)=—, g)= d g(2)=— 
(a) (0) ia g(J) yas g(2) 38 


(b) 9(0/0)= = 2 ALO) =—~, and H(2|0)=- = 




















11 1 1 
3.104 (a) veer tee eens 
5 5 5 
0.3 0 0.3 0.3 
2 1 
_2)* 15, 
5| 2 0.3 
=2[5+2-22 -06) = 2c.855)-0.742 
5\2 2 
oe 3 
(b)  g()=<] (x +4y) dy =2(2+2) 
54 5 
(2/5)(x+4y) 4y+0.2 
= avenge 80102) 
g(y|x) (21 5\x+2) g(y0.2) 5 
0.6 
J [440 a= Losson=$$—0am 
48 47 _ 188 48 4 _ 16 
3.105 (a 0,0 
(a) (0.0 = sm FOF 5a ST Dr 
4 48 16 48 4 16 7 ar ae 
LOyse ee Soe Ee, A ae ee ee 
LOO = Sst ao TYR a sa TO = 30 ST 
188+16 _ 204 1641 17 
(b) 80) =o a1? 8 = ar a 
2 e 
16/221 16 1/221 1 
c oll) = so pli ee 
© go) 17/221 17 ett) 7/2 17 : 
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3.106 f(p,s)=Spe”™ 02<p<04 s>0 


—ps 





(a) spfe™ ds =5p~ 
0 —p 


= —5e Ps 





Pe 5 0.2< p<04 
0 |0 elsewhere 





g(s) 5 


0 elsewhere 


(b) ftps) Soe re for s>0 


3 
1 
(c) [qeras = pew 
0 


~0.75 
=l-e 














. 20-x 
1 20- AO enc) 
ee (a) = O-x [a= 50 <x< 
Me * aio 0 elsewhere 
x 
10 20 
1 (=) 
25 - 2 1/6 6<y<12 
: ee ee ee 12)= 
(b) Oy |x) 20- x se Hy ) | 0 elsewhere 
50 
] 1 
c —(12-8)=—-4= 
(c) 6! ) 6 


3.108 f(xy)=Z0x+3y) 


2 3y> |{l =( ;) 
= =| 2xy+ = =| 2x4 
oe 2a a Se 8D 


4 


—x+— 0<x<l 
=45 5 





0 elsewhere 





Qe. 1 
h(y) ==(x" +3 
(y) 5 Wo 
_ (2/5)\1+3y) O<y<l 
7 0 elsewhere 


f(x,y) # g(x)h(y) 
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(20,000)? 
3.109 (a) ff (%,.X),X3) =) (x, +100)*(x, +100)*(x, +100)° 


0 elsewhere 


x,>0, x, >0, x,>0 





i. [2a (ee (2m 


X. X 
J (x, +100) 4 (x, +100)? 7 4 (x, +100) 
3 34 1 
449 16 
3.110 (a) 519457998 
6113502170845202131 
(b) 5f|4 
581957998 
6f113020104202131 
6815785 
(c) The double-stem display is more informative. 
3.111 *=Station 105 o = Station 107 
Oo 
Oo Oo Oo Oo 
o-°. * * 0 O Oo 
* * oO oO * * * * * oO * * * 





54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 


3.112 *=Lathe A o =LatheB 


e  —* 
Ole +O =i OS. sO - BE _  O IO ° fe) 
1.28 1.30 1.32 1.34 1.36 1.38 1.40 1.42 1.44 1.46 1.48 1.50 1.52 1.54 1.56 





3.115 — Class Limits Frequency 





40.0 — 44.9 5 
45.0 — 49.9 fi 
50.0 — 54.9 15 
55.0 — 59.9 23 
60.0 — 64.9 29 
65.0 — 69.9 12 
70.0 — 74.9 8 
75.0 — 79.9 1 
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3.116 Class Limits Frequency 





3.0 — 4.9 15 

5.0 — 6.9 25 

7.0 - 8.9 17 

9.0 — 10.9 11 
11.0—- 12.9 8 
13.0 — 14.9 _4 
80 


3.117 The class boundaries are: 39.95, 44.95, 49.95, 54.95, 59.95, 64.95, 69.95, 79.95; 
the class interval is 5; 
the class marks are: 42.45, 47.45, 52.45, 57.45, 62.45, 67.45, 72.45, 77.45. 


3.118 The class boundaries are: 2.95, 4.95, 6.95, 8.95, 10.95, 12.95, 14.95; 
the class interval is 2; 


the class marks are: 3.95, 5.95, 7.95, 9.95, 9.95, 11.95, 13.95. 


3.119 Class Limits _ Frequency Class Boundary Class Mark 








0-1 12 -0.5 — 1.5 0.5 
2-3 7 1.5 -3.5 2.5 
4-5 4 3.5 -5.5 4.5 
6-7 5 5.5 -—7.5 6.5 
8-9 1 7.5-9.5 8.5 
10-11 0 9.5 — 11.5 10.5 
12-13 a 11.5 -13.5 125 
30 
3.120 Class Limits Frequency _ Percentage 
3.0-4.9 15 18.75% 
5.0 - 6.9 25 31.25 
7.0 — 8.9 17 21.25 
9.0 — 10.9 11 13.75 
11.0 — 12.9 8 10.00 
13.0 — 14.9 4 __ 5.00 
80 100.00 


3.121 Class Limits Frequency __ Percentage 





40.0 — 44.9 5 5.0% 
45.0 — 49.9 7 7.0 
50.0 — 54.9 15 15.0 
55.0 — 59.9 23 23.0 
60.0 — 64.9 20 29.0 
65.0 — 69.9 12 12.0 
70.0 — 74.9 8.0 


75.0 -79.9 1.0 


8 
asl 
100 100.0 


44 


3.122 


3.123 


3.124 


3.125 




















Percentage 
Shipping Security 
Class Limits Department Department 
0-1 43.3% 45.0% 
2-3 30.0 27.5 
4-5 16.7 17.5 
6-7 6.7 TS 
8-9 3.3 2:5 
100.0 100.0 
The patterns seem comparable for the two departments. 
Cumulative 
Upper Class Boundary _ Frequency Frequency 
44.95 5 5 
49.95 7 12 
54.95 15 27 
59.95 23 50 
64.95 29 79 
69.95 12 91 
74.95 8 99 
79.95 _t 100 
100 
Cumulative 
Upper Class Boundary _ Frequency Frequency 
4.95 15 15 
6.95 25 40 
8.95 17 57 
10.95 11 68 
12.95 8 76 
14.95 _ 4 80 
100 
Cumulative Percentage 
Shipping Security 
Class Limits Department Department 
135 43.3% 45.0% 
3D 73.3 72.5 
5.5 90.0 90.0 
7.5 96.7 97.5 
9.5 100.0 100.0 
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3.126 (a) Class Limits Frequency (b) No. The class interval of the last class is 


0-1 12 greater than that of the others. 
2-3 7 
4-5 4 
6-7 5 
8-13 2 
30 
3.127. (a) ClassLimits Frequency Class Marks (b) Yes, [see part (a).. 
0-99 4 49.5 
100 — 199 3 149.5 
200 — 299 4 249.5 
300 — 324 7 312.0 
325 — 349 14 337.0 
350 — 399 “6 374.5 
38 


3.130 The class marks are found from the class boundaries by averaging them; thus, the first class 
mark is (2.95 + 4.95)/2 = 3.95, and so forth. 


3.135 The MINITAB output is: 


MIDDLE OF NUMBER OF 
INTERVAL OBSERVATIONS 


6.0 2 #8 
6.5 5 ok 2 ok 2K ok 
70 4 I 
8.0 5 TK 2 ok 2K ok 
8.5 3 ek 
9.0 2 #8 
9.5 2 #8 

10.02 2 #8 


3.136 The MINITAB output is: 


MIDDLE OF NUMBER OF 
INTERVAL OBSERVATIONS 


40 1 * 

45 7 TK 2 2 2K 2 ok 2 

50 11 Te 2k 2s 2 2s 2K 2 2k os 2K 

55 21 ee ee ee 
60 21 ee ee ee 
65 23 Tie oie 2s 2s 2fe 28 2s oie 2s 2s 2s 28 2s 2s 2 2s 2s os 2 2s os 2 ok 
70 10 Fe 2k 2 2 2k 2K 2 2 ok ok 


75 6 oh 2 KK 


4.1 


4.2 


4.3 


4.4 


4.5 


4.6 


4.7 


4.8 


4.9 


46 


(a) 0,1,4,9 
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(b) h(g)=fO)s h(gJ=fCD+fM; h(g3)-f(-2+fQ)s h(gy) = FQ) 


(c) 0-fO)+ILF(-D+ fMIF4Lf (-2)+ F149 $B) 
Replace | by» 
Replace }\ by | 
Replace | by») 


(a) E(x)= i [ 2fG, y) dy dx: E(x)= [ex a(x) dx 


—co —0o —oo 




















3 a 1 i. | 
E(x) =(-1 £0) = )41|— 43] S/S 
aS 5) G) Gi) G) 7 
4 3 2 
lp > 1] yy? 14 ({% 8 
E(Y)=-— +y)dy= 4 = 18s a9 
" al ne 3/3 =| 833 
_1(56 Z _1 74_ 37 
3 8 3 12 
1 2 2 
1 2A 
B(x)= |x? de+ [(2x-27) de==+|2?-— |= gS aie 
, 3 311 3 
a5 Pag 
3 
@) E(x) 20-4 28 4 3 FW 12 +964192 _ 300 _ 
125. 125 125. “405 125 125 
2+576 7 
B(x2)=0. 1 sh, 12 = A8 5: 64 _12+192+576 _ 780 
125 125 125 125 125 125 
(b) = E[(3x+2)?]=9E(x*)+12E(x)+4 = 56.16 + 28.844 = 88.96 


ay 
5 


= 6.24 


Chapter 4 


3 3) 
1 2 2 Xx 
410 (a) E(x)= |—dx=—, E(x’) = |—— a= 
ey) SE) Sin3 saa Ce ae ae Ee) = jz % 
(b) A A ae +1 
3(In3) In3  1n3 3(In 3) 
4.11 (a) E(x)= fae fi ie [5 X ans 
. 2 
Bs)= [2 ae 5 fees =x gee 
2 2 , 2 3 
E(x’ ~5+3)=5-5: S43=-2 
4.12 E(x)=2, BG)= =, and BOy ye oe 
15 15-15: 15 
Marginal distributions x 0 1 2.8 
gx) | 10 | 14 | 3/10 | 2/5 
y 0 1 2 
h(y) 1/5 1/3 | 14/30 
SOS 10 
EY) = 1, 28 _38_19 
3°30 30 15 
X rr x 
4.13 #(=]=J[:aray- = dy=— 
ye ae 
Aaa: p= 
54 
1 1S <a 
forx g(l)=—(1+2+2+44+3+6)=—=-— 
B= ay 543 



































2 
ee 
g(2) 3 
= eS OES WSS 
Ne eh Ee Set 8 
for z wl) ==: 12) == 


E(x) = te PD RN AG ea ee L 
ae ae 6. a 6 3 





5 5° 75 
E(z)=—, E(u)=~-+—-+==— 
(z) A (u) ae 


26 
3(In 3) 





47 


48 


4.15 


4.16 


4.17 


4.18 


4.19 


4.20 


4.21 


4.22 


12 


SO ee 


11 

1 1 
J Jz@x+3y+ 00? - yz) dx dy dz=— 
00 


£0")=2'(3) =1+1+1+1+...=0 


So E(2*) does not exist. 
Hy = | (x-w FG@) de =| f(@) de=1 
My = [Oe-w! F0) de =f af) dey] f(®) de-n- = 0 


ee ae pl lee Pe Sf! ai Dh: 
PRD A) 0, u,=(-2) pe - 4 














o =4-0° =4 
22 3 3 4 
x x2 4 x x4 |2 
= —d = — = ‘ ‘= —d = =2 
fe J; SENG ge oe RO 
grape t8 22 
9 9 
ie 1fx"|B 1 | 
MW, =—| x""dx= = (3’-l= 
In34 In3| r |[l rdn3) r(In3) 





e838 4 on a 4 4(In3-1) 





2 

Bag 2 ONS) Ins Ne Be CU 

Elax+b]=aE(x)+b 

E[(ax +b)*]= E[(a*x? + 2abx +b’) = a? E(x’) + 2abE(x) +b’ 

O° = a°E(x*)+2abE(x)+b* —a?[E(x)]> —2abE(x)—b* 
=a’o QED 

var(2x+3)=4 var(x) 


t=1 from Exercise 4.8 
1 








2 3 4 
’ 3 22.3 2 ce a | 
= dx + | (2x° — x°)dx = —+| —--— 
Lb iF Ix he x” )dx Fi 3 ral 
pe NO Re ye Foye aed 
4 3 3 4 6 6 6 


var(2x+3)= 4c 
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4.23 


4.24 


4.25 


4.26 





B()=£{==#)- : FG D2" =0 exists 
Oo oO Oo 





2 
w= (SSA) Jeon Sn 


E(x)= f2xax =[-2x"]= = =2 exists 


Te 
b = [—ar= 2Inx 
1 


1 


co 


1 =o oO” does not exist 





Yow’ f= dx’ f)- | px x f(x)+ [Seder 


DMT ef Ot DULY LO 
= rs 0 -[ ae [Fata atD™r= Da 


My = Uh — Buys, + By» e? — W — Quy, + 2° 


My = M46 + 60 , — 4? uh + we = Wh - 4a, + 6 ws - 3" 


(a) 


(b) 


= 1(0.05) + 2(0.15) + 3(0.30) + 4(0.30) + 5(0.15) + 6(0.05) = 3.50 
Lt, = 1° (0.05) +27 (0.15) + 3° (0.30) + 4°(0.30) + 5°(0.15) + 6°(0.05) = 13.70 
Lt, = 1°(0.05) + 2°(0.15) + 3°(0.30) + 4°(0.30) + 5°(0.15) + 6° (0.05) = 58.10 
Oo =13.70-12.25=145 ft, = 58.10—3(3.5)(13.7) + 2(3.5)” = 0 
a,=0 


M=3.5, MW =13.70, uh =1(0.05) + 2°(0.20) +...+6° (0.05) = 57.8 
Mz = 57.8 —3(3.5)(13.7) +2(3.5)° = -0.3 
-0.3 _ -0.3 


v1.45) 1.746 





Os = =~0.172 
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4.27 (a) m=0 bysymmetry, 44 =0 by symmetry 
/6, = 9(0.06) + 4(0.09) + 1(0.10) + 0(0.50) + 1(0.10) + 4(0.09) + 9(0.06) = 2 
Mj, = 81(0.06) + 16(0.09) + 1(0. 10) + 0(0.50) + 1(0.10) + 16(0.09) + 81(0.06) = 12.8 


=o and = 108: a= =3.2 


(b) m=0 and “{=0 by symmetry 


UW, = 9(0.04) + 4(0.11) +1(0.20) +... =2 
U, =81(0.04) + 16(0.11) +1(0.20) +... = 10.4 


oO =2:and = 1045 a= =26 


4.29 w= far dx+ | xf (x) dx> al f(x) dx = aP(x>a) 
0 a a 


als 


>P(x2a) QED 


4.30 Pl(x = py 2als< o a=k’o 
a 
Pi(x-p)’ 2k’o"]s ” orP[|x = |= ko] = 


Pilly) <ko]21-— 





1 1 1 
4.31 (a) 1-—=0.95, =(0.05=—, k=/20 =4.47 
(a) k? k? 20 











1 i 1 
b) 1-—-=0.99, —=0.01=—, k=10 
©) kK? kK? 100 
4.32 P(x=4|<ko)21-— let ko=c 
2 
P(|x-u)<c)21-S psianiiy mania ae = 
Cc Cc 
t ing i 
1 e-1 
4.33 M(t)=[(e* dx)=—] = 
O J(e *) t |0 t 
e-l be ot 4 ; 
; Ter ag My == and £4 =- 


Chapter 4 





Die 
1 x Z co e 4 [<] Ie! 
os noeniife-b(s) “Ele 

=| == 

3 


(3-e')2e'—2e'(-e') 6" 
B=) Ome) 
(3-e')6e' —6e' -2(3-e')(-e') 
Gey 
6 


24-12-2(-1 
Milas = 5: M”(0)= iG ( ye 





M’(t)= 


M(t) = 


3 





m=s and l, =3 





, r 9 3 
le a 0 en ri 
7 a ere jes EKO) 
4.35 R,(t)=InM,(t), ROT M(t), R,(O) M (0) 
R’(t) = MAES OMe: 
[M ,(t)] 
, 2 
POs 22 oe 


ihe 
R(t)=4(e'-1), Ri(t)=4e' and R”(t) = 4e' 
u=4 and o =4 


4.36 M,(0)=0#1 


he. 
7a 
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0 


i y=-x 
4.37 us | ee" dx+—|e%e * dx 
2A. 26 


cy =—dx 
Mere ay h fore dx= A feos aed few dx 
0 0 0 ‘| 
Af ety] ike sf ethor] 
2 0 2 


0 | 1 i 
+ = + 
(1+?) =d=2) Ter ft 


1/2 
oS pa = 
G+nd—-p- ees 1-7 


co 














2 
4.38 M()=1-P +o... 


(a) w=0, o=2 





tN Sof] apr COKS 2t 
(b) Mi(t)=-(-1t°) (22) a_P 
m  _A-?2-24+20-1)(-21) _ 201-7)? +47 1-17) 


M"0)=2, 0 =2 


co co 


4.39 3. Mpg (t) _ fete) ees etl | et!” F(x) jee gro +) QED 


—oo oo 


Let b= 1; 
Let a = 0 in above result. 


a 


4.40 c= (0-3), a=-3, b=4 


- 2 2 
M(t)=e G/4)t , GA H(SMO)? _ (/2)t 


M()= 1450 +... u=0 and o =1 


4.42 (-3,-5), (-1,1), (1,1), (3,5) probabilities are 4 


E(X)=0, E(Y)=0, E(XY)=15-441-441-4415.128 
4.4 4 4 


cov(Xx,Y) = 8-0-0=8 


Chapter 4 
4.43 E(X)=0- Le ane eee ee 
120 *! 120 *? 120 ~ 120 
per) =0-35.4 8 43, 24g, 1 108. 
120 120 ° 120 ~ 120 120 
E(XY)=1-1- Bp egy a 6k 
4 40 20 40 
cov(X,Y) =0.4—(0.6)(0.9) = 0.4-0.54 = -0.14 
1 1 © 11 
4.44 E(x,)=[[ fy txe dey dey dx, =[ [C+ mx)de, dr, 
000 00 
1 
tg 
Joints ee ftss x, )dx, = 3 Taras 
1 1 © 
E(x) = [J fose 3 (x, +x,) dx, dx, dx, “fos +s dx, 
000 
= [[4+sJa +—=1 
= (| =+x, lax, =-+== 
2 
co 11 
E(%5%,) = [eax [ [OF +a dx, 0x, 
0 00 
1 
= [2 +ax, =44+4= ! 
, 9 3 4 12 
ae 
cov(x,,x,)=—-—-1=0 
93)= 79-9 
ler ly 1(4 7 
ane 2 -_ 2 =-—| — =— 
4.45 BU || + xy) dy dx ae +2x) dx +($+1) 
lr 1(. 8) 14 
E(Y)=-— 2xy+ dx dy=— + dy =—| 2+—|=— 
(Y) {Jer y’) dx dy at y’) dy “(2 =| D 


Ley 1(4 4 
eae ytxy Sapa} fla +— =x) dy =a eee 
00 


cov(X ,Y)= 














de ee ae ae t 


3 3 72 
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1 1 1 1 
446 (a) f(-LN=7, fO.0=—, FON=0, FUL) =>. fLD=5 
Bx) =-1( 5 }+0 = |ni( 2-3 
4 6 12 3 
Buy=0[ 2 }+1(2}=2 
4) \4) 4 
1 1 1 
E(XY)=-7 +557 
Osea 20 
4 34 
(b)  f(0,0)=+, g(0)h(0)=+-+=—, (0,0) # (0)h(0) 
pe gee "EA BAe eee. 
f 5 ; iets a 
4.47 (a) Ba | Gea et eee hae tte 
, P A eA * Ay, PS yp oa 
= 2 3 233 Be eae, ee i 0 fa 
EAN eG ae aa era ar 


0 1 
Fe Pa a | 
E(UV)= | (0° +.x*) dxt | 0 -x*) dx =-—+=+-—-==0 
! J A545 


covlU.V)=0-0-2 =0 


not independent; in fact V =U’. 


Osha fe saa de ce 


4.48 
(a) a 
= Jed ue? f Gas na deawds, 
at ts =0 
= [ict ey aan asda. =U; 
(b) same 


(Cc) My,(4,t)= (eee? dx dy = [eee as dy 
00 00 











i a 1 
SEL S21 dae 
0. 1 1 E(X)=1 
on. Usury dan) E(Y)=1 
O° 1 1 E(XY)=1 





at, of, (—-t)? U-t) cov(X,Y)=0 
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4.49 (a) My =2(4)-3(9)+4(3) =-7 


4.50 


4.51 


4.53 


4.54 


4.55 


Oy = 4(3) +9(7) +16(5) = 155 
(b) wu, =1(4)+2(9) -1(3) =19 
0; =1(3)+4(7)+1(5) = 36 


(a) fy =-7, 07 =155-12-48+48 = 143 
(b) wu, =19, 05 =36+4+64+8=54 


lpr > ie 1(2 5 
E=5] J + xy) dy dx == [2x +22) d= 2] +1 |= 5 
00 0 


lee lt 1/1 2 7 
2 -_ 3 2 — ee 3 2 =—| — —: | = —— 
E(x =3] Ie +x°y) dy dx 51 +2x°) dx [3+5| 


_ 7 _25_ 63-50 _ 13 
~~18 81 162 #162 


21 2 

1 5 1¢(1 1 8) 11 
E(Y)=- +y*)dxdy==—||—y+t+ dy =—|1+—|=— 
M=3{ Io *)dedr=sl[a2 y)ay=3{ 


21 2 

1 1f(1 1(4 16 
E(Y?)=— > 4+ y?) dx dy == [3 ae ‘ya -3[4+4)-% 
W=5] [eo aedias |r ey Yala ; 








16 121 144-121 23 
oO = on = 
9 81 81 81 
12 1 
1 ‘5 4 1 5 =] (2 +) 2, 
E(XY)== x“yt dy dx =—|| 2x°+—x |dx=—|—+—|=-— 
OM)= 5] [y+ ay 31 ; Ae 
6 iy 
9 9 81 
van) =9- 23 416.23 424.) = AT ATRGS AS _ 
162 81 81 162 162 
var(X +Y) = var(X )+ var(Y )+ 2cov(X ,Y) a, =1, a, =1 
var(X —Y) = var(X )+ var(Y)—2cov(xX ,Y) b, =1, b, =-1 


cov(X +Y,X —Y)=var(X )- var(Y)+0-cov(X ,Y) = var(X )— var(Y) 


cow(Y,,Y,) =(—2)5 + (—6)(4) + 12(7) + 7(3) + (-2)(-2) 
=—-10—24+84+21+4=75 

a, =1, a, =—-2, a, =3 

b, =—2, b, =3, b, =4 





cow(Y,Z)=2-1-3-3-2-7—-4-1-5=6—-42-—20=—56 
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4.56 rif = = al» oe 


























5 
ae 
=(-l)-+1-—== 
Mya ( IE 5 5 
2 
‘ 1.4 3 3) 16 
=1-—+1-—=1 o ,=1-|=| =— 
i 5 5 a (2) 25 
1 2 
4.57 F(z|L,2) = 9|L,2) = 5, H2|1,2)=3 
Byes 
3 3 3 3 
1) 1 
4.58 f(o|Z]-zeyen 0< y<2) 
2 
1 r 1(16 192° 11 
=—|(y’?+y) dy= +2 |=--“= 
rie 61 da (5 ) 63. 9 
2 
jo. 55 1(, 8) 1 32 16 
=—|(Q2y?+y’) dy=—/8+-|=--—=— 
Lb 6) 2 y’) dy =( =| rarer 
_16 121 23 
yiv4 91 St 
1 Dives 
4.59 f(s] 3)=(" +5 fe ; O<x,<landx,>0 
1 ‘ oo 
B(x s} fae] dx, x,e % dx; 
0 0 
-(4+2}1-4 
4 6 1 
f(x) 
4.60 (a <x <b) =——_ <x<b 
(a) f(x|a)< xb) Fib)- Fa) a<x<b) 
f(xlasx<b)=[ 2 a ese} 
) F(b)- F(a) F(b)- F(a) 
FOF 


= a<x<b 
F(b)- F(a) 
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4.61 


4.62 


4.63 


4.64 


4.65 


4.66 


___ f@) 
(b) f(xljasxsb)= = FG) 
b b 
fucose) de Ju fo) dx 
Elu(x)|a < x $b] = —$—___ = +____ 
F(b)- F(a) 


b 
| f(@) dx 


(a)  E(0) = N(0) =10° — 0.0001 = 100 
(b) — E(p|0) = N(0)P(p|D) = 100-0.98 = 98 
(©) E(p|D) = N(D)P(p|D) = 999,900 - 0.03 = 29,997 











3,000-—-+1,500-—-+0-—--1,500-— 
20 20 20 20 
1 1 
= eo 10,500 — 4,500) = aN = $750 
inten 2 Reis 00 
3 3 
(a) (2s p4cha 2 4097 
6 6 66 
(b) 22062208 S610 
6 6 6 6 
(c) {4 2agoe 6. hes | 60 
6 6 6 6 
(d) 1 Gee 09S eo eee S67 
6 6 6 6 6 
(e) 9h x6. ® ch Re POA FG AAS = 51.50 
6 6 6 6 6 6 


Expected profit is greatest if he bakes four cakes. 


7 x 1 - 1} x x 
E(x) = | —(x4+1) dx =— | (x? +x) de =—|] —+— 
(x) Is vee is] a | 3 2 | 








1) 12525.4 1) _ 1) 26 
is, 3 2 3 24 18, 3 


+12| = 3= $3,000 


E(x) = [aye = 30 or 30,0000 kilometers 
0 
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a5 = 
4.67 E(x)= [pera = z =[2 ~3x2¢-U9* _ 18 ye 3 _ 54000" | : 
0 





= 534 = 6 million liters 


0.2 oc Se 


4.68 E(ps)= | [5p’s eds dp = [se le ~PS(— ps DI] 


0.2 0 P 


= sf dp =1=$10,000 


4.69 p= probability Adam will win 
a 
p-b=(1- p)a, p(a+b)=a, p=—— 
at+b 
4.70 uw=0-—+1-—+2-—= 


; 9 1 13 13. 1 26-11 #15 
: 44. o= = = 
22 22 22 22 4 44 44 


a 5 1 — 1 Ie 
4.71 u“=|—e “'dx=—- -—x-1]) =4 
F 4 0 

















1/16\ 4 
, 1 2 -x/l4 1 2 
[45 =|—xe dx =-|- = 32 
I (-1) 
4 
o =32-16=16 
6 4 
1 1 6 
4.72 w= x(36 - x \dr= > 18x2-~ | =0 
288 4 288 4 |-6 
6 5 
xy | 1 3 Xx 6 
: 36-9 dc 12 
a OES Olas “a =| ¢ 
3 5 
, is 6° -—6 -12(-6)° += =(- 6) |- Pe a OOO eg ES 
~ 288 5° 288 = 288-5 
Ga 12 


4.73 9(0)=0.4,.g(1) =0.3, (2) =0.2, g(3)=0.1 
= 0(0.4) + 1(0.3) + 2(0.2) + 3(0.1) = 1 u=l 
i, = 0° (0.4) +1°(0.3) + 27(0.2)+ 3° (0.1) =2 © =2-1 =1 
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4.74 


4.75 


4.76 


4.77 


4.78 


4.79 


4.80 


(a) P(x265)< = = 0.631 


(b) Pl[(x—-165)<85)]< = = 0.553 





M=124, 0=7.5, k(7.5) = 60, k = me 8, p=1- Ve os at least 8 
75 64 64 

(a) k=6 0.260 + 6(0.005) between 0.230 and 0.290 
0.030 

(b) k=12 0.260 + 12(0.005) between 0.200 and 0.320 
0.060 

L=4, o=4 at least (et 

2.25 2.25 9 


By Chebyshev’s theorem probability P(x < 10) is at least 59. 

10 

[reo = gay 10 
4 0 


0 


=1-e °° =1-0.0821=0.9179 








z Ww Pp 

(0,0) 0 0 0.36 E(0)=0.60 
d,0) 1 1 0.24 E(z)=0(0.6)+1(0.4) =0.4 
(0,1) O 1 0.24 E(w)=0(0.36) +1(0.48) + 2(0.16) = 0.8 
.,,1).. 4 2 0.16 E(wz)=0(0.36) + 1(0.24) + 0(0.24) + 2(0.16) = 0.56 
cov(z, w) = 0.56 — 0.32 = 0.24 

|» | ly | 4 =3 o, = 0.02 

| | x | | i, =0.3 0, =0.005 independent 


E(x+2Y) =3+2(0.3) = 3.6 
O42) = (0.02)° + 4(0.005)* = 0.0005 o= 0.0005 = 0.0224 








... forx “=8 o=0.1 














x y ... fory “=0.5 o = 0.03 


50 49 
z= xt) y, Elz) =50(8)+49(0.5) = 424.5 in. 


i=l jel 


var(z) = 50(0.1)” + 49(0.03)* = 0.5441 o, = 0.738 in. 
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4.81 (a) Xheads 
Y getting 6 
Z getting ace 


narsy+z)-b4hy 4 258 38 <0 
2 6 13 78 78 
ian eS ee 5.46 o=0.68 
4 36 169 


1 1) 1 117+26+6_ 149 








(b) 3x4+2y+z E=3-—+2: =1.91 
2 13 78 
gen Bae: 2 + i =1.099 o=1.05 
4 36 169 


4.82 uw=5(0.5)+5(0.45) = 4.75 


o = 5(0.5)(5) +5(0.45)(0.55) = 1.25 + 1.2375 = 2.4875 
o =1.58 


4.83  9(0|0)=3/10, g(1|0) = 6/10, ¢(2|0)=1/10 
E(Y) = 0(0.3) + 1(0.6) + 2(0.10) = 0.8 








4.84 9 h2)=4 6<y<12 (2a eit 12 1 -18)=$9 
rae ao 6° 6 2 jlo 6 

fxs dx 
485 E=1 = 

[fe ax 

1 

2 2 7 3 

2 —]co 
N= [*dr+[ar== iad genre, 
x Olt e101 12 








5.2 


5.3 


5.4 


5.5 


61 





— e(l-e" —ke +ke™™) = =k+1 
=lim ee = 
10 (e' -1)’k 2 


fO)=1-6, f=0 
it 
(a) S)x’ f(x) =0'0-6) +1" -0=6 


x=0 


1 
(b) M,(1)= Ve" f(x) = (1-8) +e" -6=14+ He' -1) 


x=0 


2: 3 4 
t fr ¢ 
ere Selels.,| 


U=0 U=0 oo =0-08 =OH1-8) 
(a) W=0 pL, =0-30-0+28° = A - 30+ 26’) = A(1—26)(1- 8) 
_ 00-01-26) _ 1-20 
* 6a-6.faa-0) Joa) 
Ly, = 0-40 + 60° —30* = 011-404 60" — 36°) 
= A1- 6)[1-30(01- 8)] 
_ OA-A)[1-300-6)] _ 1-300-6) 
: (1-6) ~ O1-6) 











(b) a, 


n 
(a) b(n NN, j- 0) = Ja = gy"* ge) 
n-xX 
: | Je -8)"* = (x; 0, 8) 


n 
Xx 


x x-l 
(b) B(x; n, 0)- B(x-1; n, 0) = Y-Y b= d(x; 0,8) 
i=l i=l 
(c) B(n-x; n, 1-0) = B(n-x-1,; n, 1-84) 
n 
= b(n- x; n, 1-0) == Ja -aA* eer 
n-xX 


= "Jona ~ 6)"* =b(x; n, 8) 
X 
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5.6 


5.7 


5.8 
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n-x-1 
(d) 1-B(n-x~-1; n, 1-0) =1- blk; n, 1-8) 
k=0 
= » b(k: n, 1-6) 
k=n=x 
0 x 
= Sd(n-r: n, 1-0)= dr; n, 0)=B(x;n, 0) QED 
r=X r=0 


x x= 
(a) B(x; n, @)-B(x- 1 n, = Y-} = d(x, 8) 
i=l i=l 


(b) B(n-x;n, 1-6)- B(n- x -1; n, 1-8) 


= b(n—- x; n, 1-8) -| : Jo-arsres 
n-X 


-|"\o 1-0)" =b(x: n, 8) 
Xx 


n-x-1 


(ce) 1-B(-x-1;n, 1-0)=1- Y d(k; n, 1-6) 
k=0 
= » b(k; n, 1-6) 
k=n-x 
0 x 
= Sd(n-r; n, 1-0) = Pdr; n, 0)=B(x; n, 0) QED 
r=x r=0 
Ba) =£{=)=420)="2-6 
n n n 
2 
i= “= = 2 6a O—)+n 
n n 
Oe op ne? eae oe? 
n n 


n xt] n-x-1 
b(x +1; n.8)=[ Je (1-8) 
x+1 


= n! 
~ (xt D'(n-x-1)! 


ps ee ee ("jea-or SE eee) 
1-0 (x+1) \x (x+1)0- 8) 


Od ne ey 
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5.9 b(x) >1 b(x+)) | An=x-),, An- x) < 
b(x-1) b(x) x(1- 6) (x+1)d- 8) 
On -O0x-@>x- Ox On-O0x<x+1-0x-0 
x<An-1) Ons x+1-0 
xs Ont+1)-1< x 
(b) odd maximum at i Ppp hey soot) 
2 De 2 2 
(a) even maximum at nd and a 


5.10 B(x: n, 6)= ["Jora- 6)" 
XxX 





Inb=In|” Jbxin+(n— x) In-9) 

XxX 

Ae Be iat a x— Ox = nO—- Ox x=n@ and 0=— 
00 6 1-0 z 


511 = E(x’) = E(x’ -x+x)=uG)+u) Since x? = x(l—-x)+x 
let x? = x(x—-1)(x- 2) +ax(x—-1)+ bx 


x=1 1=b 
bal a=3 Me, = WS) +3uG) + HC) 
KH 2 8-2a+2 
x= x(x—-1)(x-2)(x-3)+ ax(x-1)(x-2)+bx(x-1)+ cx 
x=1 l=c My = MG) + OMG) +7UG)+ MG) 
x=2 16=2b+2 b=7 
x=3 81=6a+6b+3c =6a+42+3 


36 = 6a a=6 


5.12 F(x) = Sat f(a) F’()= Dif) = HG) 
F(x) = ¥ x(x- Der f(x) F’(1) =} x(x-1) f(x) = #G) 
F(x) = ¥ x(x-D(x- 2) PF (a) FA) = ¥ x(x- 1-2) f (2) = HG) 
etc. 


513 (a) F.(t)=t°-(-0)+10=1-0+ F’=60 F”=0 ete. 
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) FM=yr Wa 1-6)" = ¥[" hora - oy" 


=[6t+1-6]" 
=[1+4(¢-1)]" 

F’=n{l+ @t-D]"'0 F’(1) =n0 

F” =n(n-D[l+ O0¢-D]"-°@” F”()=n(n-)@” 


f= pene Ms = Mo) + My =n(n- Nw +nd 
O° =n(n-1)@ +nO-n’?@ =nO-n& =nO(1- 6) 
514 Mi =e “M4 (t)t+ My (t)\(—We™ =e “(M4 (t)- uM, (t)] 


(a) | Expand series. 
(b)  My_,() =e" [1+ Ce - DI" 


Mi_,(t)=e"" -n[l+O(e -1)"" -6e' — nde" [1+ He’ —1)]" 
= nde" [1+ He! = 1)""{1-[1+ He’ -)} 
= nde" [1+ e' -1)""{e'(1-@)-(1- @)} M’_,(0)=0 
=—n@e" (e' - 11+ Oe’ -1)]"" 


M*_,(t)=-n@e"™ (e' —1)(n-D[1+ Ae’ - II" *(e' -1) 
= n& [1+ Oe! = II" {e" -e! +(e! -1(-noe"* yk 
=e ""[1+(e' -1]" 


5.15 (a) O=>., a, =0; (b) a, 0asn>o 
y+k+l . yHx-k 
5.16 = & (1-0)° 
oO | ee y=0,1, 2, ... 


k 1 
5.17 BO) = BO) k= 5 k= (2-1) 
k(1 
Oy =O -E(4-1 


5.18 b*(x:k,0) = a ]@a- gy ak |a- oy = bk: x.0) QED 
= XxX XxX 
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x-1 wake © — +1 x-k yaxtl 
5.19 E(x)= Be ifea- 6) ‘> (rP (1-6) aoe ee 


E[x(x+)]= Suon(t"p (d-@)* 


ates a [xt +2 x—k y=xt+2 
10) 
xb oo m=k+2 


k 


sans i prra-ot =A 


2 2 a _ 72 ee 
me k(k+1) k k° ik’ +k-kO-k* _ kl 98st) 














eo 0 eo — & ole 
5.20 g(x)=001-0)"" HH 152.3s 
tx x-l [e’ 0 
M= Ye A(1— 6) yey ae able a-6)\" 
0 ede) Ge’ 


2 =————_ QED 
1-6 1-e'(1-@) 1-e'-8) 


[1—e'(1-)6e' + Be'(1-O)e' _ Be' — Be"(1- 0) + Be! — Pe” 








5.21 M’= ; = : 
[1-e'(1-6)] [i-e'(1- )] 
__ oe 
[i-e’-a/ 
0 1 
M’(0)=—=— 
©) Ge @ 
qeel= e'(1—0)| Ge' — Ge' - 2[1- e' (1-8) |[-e' (1- 8)] 
[1-1-8] 
2 
uo =2 -20:01-0) 2-6 pee 11g 


oF oe CGC CF 
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5.22 S\e-6)"'=1 


5.23 


5.24 


5.25 


x= 


6+) a-0)*" =1 y=x-l 


x=2 


¥ ol - 6)’ = 1-0 


y=l 


Yld- 6) +6y0-6)""(-6)]-1 


y=l 


yua- 6)” -Y o- 6) 1 =-1 
y=l y=l 


1-@ 
ae | 
6g rd 


1 1 
ay) ey ee 
se asa aia 


6+ 01-0)+ ¥ O1-0)'=1 y=x-2 


x=3 


6+00- a+ au-6)" =] 


yal 


SY). - 6)! =1- 0-1-8) = (1-0) 
y=l 
then differentiate twice with respect to 0. 


P(X =x+n) : od-6)**" 
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P(X =x+tn\x>n)= pasa ace = A1-8) QED 
_ 91-8)" _ Gy _ gy 
FO =i ea (1-6) 
= _— prt _ 7 _— pye-l ee —~1_-(1_9\* 
f(x) = 00-0)! F(x) da 6) eer 1-(1-6) 
_ 60-8)" | 
Z(x) = (-6)*" ~ 


X=X,+X,=...X 


n 





F Ty ae DEO. 
(a) E(X)= E(X,)=YO=n <— = n6 


(b) oy = No =nYG(1-8)=2 V6 - YGF 


=nO—noz +n =nO-0)-no, 
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es 
596 hae 
N 
a 
M! (NM)! 
_(@+DIM —x-D! (n—x-D\N—M —ntx4D! 


N 
a 
n-x (N-M)! 
xt xl(M—x)! N-M-—n+x-1 (n—x)\(N-M —n+20)! 
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M-x M! 











(M — x)(n- x) M \jn—M 
an 
- N 
iS 
(M — x)(n- x) 


7 Geen. 
n=4,N=9,M=5 


(ol) 
ployee 5-4 1 _ 20 


, AC)= = 
4 126 1-1 126 126 




















A 
(2) = 23,20, - 0 gy = 3:2, 60 _ 40 
2:2 126 126 3-3 126 126 
Gee es 
4-4 126 126 
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wie 
5.27 ELX(X-)]= Sixx tA 


_* 




















m 
_M(M=Dnn-) gy 
N(W-D 
Soy oe: pay en 
N N 
oan {4 NSE ieee 
now i N-1 


At e-4 yl Ate* yl 


5.29 P 1, A)= = . =— . ;A 
Ot Gala Ga ae eT 











10°e"'° _ 1000(0.000045) _ 0.045 








5.30 p(3; 10)= ——~ = 0.0075 
6 6 6 
Table II yields 0.0076 
100 100! 
a 0.1)°(0.90)” = 0.1)7(0.9)”” 
(a) ey (0.90) sical y (0.9) 


log p = 157.97000 — 0.77815 — 151.98314 + 3(-1) + 97(0.95424) — 1 
= 5.20871—3+92.56128 — 97 
= 0.77699 — 3, p = 0.0060 


(b)  p=0.00598 


Chapter 5 


x-1 at 
5.31 f0-1,0 time t oAt 
x lat 
time t + At 
Ax, 0) 
oat 1- aAt 
time t 


(a) f(x, t+ At)= f(x, NU - aAt)+ f(x-1, tHadt 
f(x, t+At)— f(x, t) =—-aAt f (x, t)+ aAt f (x-1, t) 
f(x, t+At)—- f(x, t) 





lim re =alf(x-l, t)- f(x, Ol 
x -at x x-l -at et ae —at 
(b) nips of a’xt™ e“+a't(-ae“) 





x! ot x! 


is 1 = 
ax tt e at att t* e at 


x! 


a(aty'e" eaate” 


aAf(x-l, )- f(y, D]= 





























(x-1)! x! 
Born x-1 -at _ ,,x+1,x ,-at 
LORE ET OLS OED 
x! 
5.32 u=t*dv=e'dt v=-e“'du=xt"'dt 
i x -A co 
+ feta =2 e+ 1 [rcenar 
x! x! (x-D! 
4 A 
x -Aa x-l -A oo 
= A € A + 1 [rretar 
a Gey Gee 
x -A 0.-A x x A 
Ea LE gi a al QED 
x} OL see a! 
a get! Sh... Ate 2 Se? 
5.33 E(X)=)\x- =SA- 2% 2g) 
= *! 4 GDI my! 

oe. Ate? 

ELX(X—D]= Joa) 


x=2 








Mad, © HaVt+A-V=A 
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5.34 n>, 050, nd=A 
M,=[1+A(e'-1]" 
_|,,nde-p] _f,, ae -p] 
n a n 
lim =e” QED 
5.35 M =e"? 
Mahe M'(O)=A 
M’= (Ae) ete + AeteteD M”(0) =)? 4) 
M” _ (Ae yee + We're M’”’(0) = AB + a4? +4 
+(Ae' rere) + det ete 
Hah, PHN FAV HA, WHR 43V +A-3AV +A)42V =A 











5.36 au; = »y rx=A)- i + Cail {xa te“ - Ae} 





GA. “Fs x) x! 
‘ (x A) x-1 -A 
=-rp,,+) A (x-A) 
x=0 
o0 Pes 
Pyne = PEL 
=—rp,+ Le A) = 
d 
= TH, 4 am a He He = a) rt aE oe 


dl 
=1,u,=0,r=1,4=All-4,+— |=4 
Mo Ly r Ly Mo 4] 


r=2, M,=A[2-u,4+1]=A 
r=3, MW, =A[3-A+1J=At30? 





5.57 M,=E(e")= ered 
M, = Ele =e" E(e") = eee) — Me) 
My = Atel Me? 
Mi = Ve- preter) 4 deleted 
My(0)=A 


5.38 Marginal distribution of x, is binomial distribution with parameter n and @,; therefore 


Hl, =n6, 
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5.39 


5.40 


5.41 


5.42 


5.43 


5.44 


5.45 


5.46 


5.47 
5.48 





! 
E(x;x;) = > a n. 6 0) (i- 0, = ee 


x, !x;(-4,—%,)! 


= n(n 168,907 Ge? ox 


x,-I)'(x,-I\n-x;-x;)! 





=n(n-1)(.8,)(8,) 


cov(x;, x;) =n(n—-1)6,0, —(n@,)(n8;) 





; (0.1)°(0.9)* + : (0.1)*(0.9) + 5 (0.1)° 
3 | 1 | 5|©: 


= 10(0.001)(0.81) + 5(0.0001)(0.9) + (0.00001) 
= 0.0081 + 0.00045 + 0.00001 = 0.0086 


(a) [$ }on%o.3 =0.3005 

(b) 0.3025 

(a) 5 |(09%005" = s0050.0010963(0.01008) =02066 
(b) 0.2066 

(a) 0.1669 
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x j—1 N-X;-X; 
6"1-8,-8,) 


(b) 0.1669 +0.1214+0.0708 + 0.0327 + 0.0117 + 0.0031 + 0.0006 + 0.0001 = 0.4073 


(c)  0.0000+0.0001+...+0.1669 = 0.4073 
(a) 0.1529 + 0.0578 + 0.0098 = 0.2205 

(b)  1—0.7794 = 0.2206 

(a) 0.0285 + 0.0849 + 0.1734 = 0.2868 

(b) 0.2939—0.0071 = 0.2868 


p=0.42, n=15, x =6, 0.2041 
p=051 n=18 


(a) x=10 0.1731, (b)  1-—0.5591 = 0.4409, 


(c) 0.3742 
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0.80 


0.5 , 0.2062 
2062 
5.49 11 out of 12 736 = 0.9222 
wr eee 1—0.9222 = 0.0778 


1 1 1 
5.50 (a) Gig = Vnp(I=p) - If yey = 5 Fong = 5 VRPU- P) = Fe PCL p), then Mey = og 
(b) nig = /npU= P) + Oyey = SnkpU= p) = Vk -[npA= p) = Vk + Ong 


5.51 P(x 2 3) =1-—b(0;20,0.05) — (b(1;20,0.05) — b(2;20,0.05) 
=1—0.3585 — 0.3774 — 0.1887 = 0.0754 


Thus, there is only a 0.0754 chance of obtaining 3 or more failures if the manufacturer's claim 
is correct. 


5.52 Using MINITAB software we first enter 13 and 18 in C1 and then give the commands: 
MTB> CDF C1; 
SUBC> BINOMIAL 100 .16667. 
obtaining K P(X LESS THAN OR =K) 
13.2000 
10 .6964 


(a) P(x <18)=0.6984; P(x <13)=0.2000 
thus, PU4< x <18) = 0.6954 — 0.2000 = 0.4964 
(b) No. The probability of obtaining more than 18 "sevens" is 1— 0.6964 = 0.3036 


5.53 Using MINITAB with the number 12 entered into C1 and the commands: 
MTB> CDF C1; 
SUBC> BINOMIAL 80 .10. 
we get K P(X LESS THAN OR = K) 
12 .9462 


(a) P(x <12)=0.9462; thus P(x > 12) =1-0.9462 = 0.0538 
(b) With a probability of only 0.0538 the assumption is borderline questionable. 





5.54 k=6 
+ 
(a) w=450; o=15 EAL or 0.40 to 0.60 
+ 

(b) £=5,000; o=50 oe or 0.47 to 0.53 

10,000 

+ 

(c)  £=500,000; o = 500 Se or 0.497 to 0.503 


100,000 


Chapter 5 73 


5.57 


5.58 


5.59 


5.60 


5.61 


(a) 0@=0.5, x=4,k=1 


b*¥= S (0.5)'(0.25)° =1-(0.5)(0.125) = 0.0625 
(b) 0@=0.5, x=7, k=2 
b*= ") (0.5)' (0.5)° = 6(0.25)(0.003125) = 0.0469 


(c) 6=0.5, x=10,k =4 and5 


b* = [SJostos" = [Joses’ 
3 4 
=(8 





4 +126)(0.5)'° = 210(0.0009765) = 0.2051 
(a) 6=0.75, x=8, k=5 

b* = [Jors*o25) = 35(0.2373)(0.015625) = 0.1298 
(b) 6=0.75, x=15, k =10 


14 
be = : Joor5)"025) = 2002(0.05631)(0.0009765) = 0.1101 


be- [I Joao = 1—(0.3)(0.16807) = 0.0504 


0=0.05, x =15, k=2 


(a) Db*= [i Jos%o9s! = 14(0.0025)(0.51334) = 0.0180 


(b) d*= = (2; 15, 0.05) = = (0.1348) = 0.0180 


MeL D223) 
XxX 


(a) x=4, 0=0.75 g= = 4, 0.75) 
1 4 1 3 
=—|— |(0.75)!(0.25)° = 0.0117 
4\1 
1 
(b) x=6, 0=0.30 g = cbUL 6, 0.30) 


1/6 5 
é 2° 030.70 = 0.0504 
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5.62 ¢=(0.999) — log g = 800(l0g 0.999) 


5.63 (a) 


(b) 


(c) 


5.64 (a) 


(b) 


(c) 


(d) 





= 800(0.99957 — 1) 


= 799.656 — 800 = 0.656 -1 
g =0.4529 (depends on rounding) 
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5.65 


5.66 


5.67 


5.68 


5.69 


(a) HAO 4 t3 49.2743, 12 _ 105 _ 15 
56 56 56 56 56s 

TT gene py ee ae ppecaeea 

56 560i —(ts«CSHCSG 


_ 231 -(') _ 1848-1575 273 39 





50 «(8 448 448 64 
3-10 15 
b — 
(b) UU i6 3 
_3-10-6-13 39 
16-16-15 64 


ae 
2 5 
= = ou! = 0.2398 
15 3003 
5 
(a)  12>0.05(200) =10; condition not satisfied 


(b) 20<0.05(500) = 25; condition satisfied 
(c) 30 < 0.05(640) = 32; condition satisfied 








alee 
LD he A 6337 2 
a 3 80-79-78 2054 
3 


(b) ) (0.05)(0.95)” = 0.1354 


n= 300, M = 240, n=6, x=4 





pals 

4 j\ 2 240 - 239-238-237 -60-59-72 

(ay L4AAZS_ _240-239-238-237-60-59-720_ _ 9 47g 
ce 24-2-300-299-298-297-296-295 


6 


(b) [{ }eosor'co.2y? =15(04096 0.04) = 0.2458 
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5.7 


—) 


5.71 


5.72 


5.73 


5.74 


5.75 


5.76 


5.77 


30 
1 


Jar) (Cole) 0 





300) 259 
12 
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= 1.39, and hence, less than 3 to 2 


Good n= 20 and 8<0.05excellent n>100 and n@<10 


(a) 
(b) 
(c) 
(d) 


A= 


125 = 20 and 0.10 > 0.05, also n@ = 12.5 > 10; neither rule is satisfied 


25 > 20, 0.04 < 0.05 ; good approximation 
120> 100, n86=6<10; excellent approximation 
0.06 > 0.05, 40 < 100; neither rule is satisfied 


150(0.014) = 2.1 from Table II 


p(2; 2.1) = 0.2700 


10 


A= 


(a) 
(b) 


A =1000(0.0012) =1.2 from Table II 


0.1904 — 0.1088 








-100 = 0.55% 
0.1088 

0.1367 — 0.1384 49 _ 1 930% 
0.1384 

0.1465 0.1499 09 _ 5 o70 
0.1499 

0.1373-0.1410 199 _ _» Ena 
0.1410 

O.1144-0.1171 9-9 31% 
0.1171 

0.0858 — 0.0869 199 _ 1 o70 
0.0869 


150(0.04) = 6 from Table II 
0.1606 


0.0585 — 0.0582 





11 -100 = 0.52% 


0.0582 
0.0366 — 0.0355 


12. ———— -100 = 3.10% 


0.0355 
0.0211—0.0198 


13. — —\—— .-100= 6.57% 


0.0198 
0.0113 —0.0102 


14 ————— -100 = 10.78% 


0.0102 
0.0057 — 0.0049 


15 -100 = 16.33% 





0.0049 


x=15 


0.0025 + 0.0149 + 0.0446 + 0.892 = 0.1512 


p(0) + pC) + p(2) = 0.3012 + 0.3614 + 0.2169 = 0.8795 


(a) 0.1373+ 0.1144 + 0.0858 + 0.0585 + 0.0366 = 0.4326 
(b) 0.9573 -0.5246 = 0.4327 

3.32633 
fQ;3.3).=— = (5.445)(0.037) = 0.201 





ae 
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5.78 


5.79 


5.80 


5.81 


5.82 


5.83 


5.84 


5.85 


0! 


(a) f(0; 1.8)= = 0.165 


1se* 





(b) fda lsae= = 0.297 


(a) 0.1653; (b) 0.2975 


(a) A=0.5 0.6065 + 0.3033 = 0.9098 


0 -0.5 -0.5 
(b) we a a, = 1.5(0.607) = 0.9105 
(a) f(3; 5.2) =0.1293 
(b) 0.0220 + 0.0104 + 0.0045 + 0.0018 +.0.0007 + 0.0002 + 0.0001 = 0.0397 
(c) 0.1681+0.1748 +0.1515 = 0.4944 


le 
0 }\ 100 
h(O; 100, 100, 6) = ~~-—=+ 
- )="Ti000 
100 
Calculation of such large binomial coefficients is not possible with MINITAB. However, other 


statistical (e.g, MICROSTAT) yield 3.3876 10'* for the large coefficient in the numerator 
and 6.385010!” for denominator. Thus, the required probability is given by 


1—A(0; 100, 1000, 6) =1-— see 0.4695 
6.3850 


(b) Using MINITAB software we enter 1 in C1 and give commands: 
MTB> CDF C1; 
SUBC? Binomial 100 .006. 
obtaining K P(X LESS THAN OR =K) 
1.5478 
Thus, the approximate probability is 1— 0.5478 = 0.4522 


(c) Using the Poisson distribution having the mean 100 x 0.006 = 0.6, we obtain the 
probability 1— 0.5478 = 0.4522 from Table II. 


! 
= (0.40)*(0.50)°(0.10) = 840(0.064)(0.015625)(0.10) = 0.0840 


! 
05) (0.2)*(0.1)? (0.1) = 83160(0.07776)(0.0016)(0.001) = 0.0103 


9! OV SAK Ba 
— | 2) {=| |=} =1260(0.1001128)(0.0002317) = 0.0292 
4! 3! 2!0!\ 16) (16) (16 
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web 
4 Ji 1}lo 7.94. 
5.86 (a) a SEES = 0.1798 
25 95.24:23-9391 
5 
a) 
3\\1) Ras bree 
(oy ee Pe 08 
eS 25-24-23-22-21 
5 





a i) 
1)\2 5. 
5.87 MBE ae 0.0970 
18 18564 
6 
5.88 P(rejection \% defective = 0.01) =0.10, thus the producer's risk is 0.10. 


P(rejection |\% defective = 0.03) = 0.95, thus the consumer's risk is 1—0.95 = 0.05. 


5.89 (a) Since producer's risk = 0.05 with an AQL of 0.03, the probability is 1—0.95 = 0.05. 
(b) Since the consumer's risk is 0.10 with an LTPD of 0.07, the probability is 0.10. 


5.90 If c= 2, we get the following from Table I. 





p |0| 005| 010] 015| 020] 025| 030| 035] 040| 045] 0.50 
L(p) | 1 | 0.9245 | 0.6769 | 0.4049 | 0.2061 | 0.0913 | 0.0355 | 0.0121 | 0.0036 | 0.0009 | 0.0002 


Sketching the OC curve and finding values of p for L(p) =1—0.05 = 0.95 and 0.10, we obtain: 
AQL = 0.03 and LTPD = 0.26. 


5.91 (a) Producer's risk = 1 value of L(p) when p = 0.10, or 0.17. 
(b) LTPD = value of p for which L(p) = 0.05 


5.92 Ifn=10 and c = 1, we get the following from Table I. 





p |0| 005| 010] 015] 020] 0.25] 030| 035] 040| 0.45| 0.50 
L(p) | 1 | 0.9139 | 0.7361 | 0.5443 | 0.3758 | 0.2440 | 0.1493 | 0.0860 | 0.0464 | 0.0009 | 0.0002 


5.93 Ifn=15 and c = 2, we get the following from Table I. 





p |0| 005] 010] 015] 020] 0.25] 030| 035] 040| 045] 0.50 
L(p) | 1 | 0.9638 | 0.8159 | 0.6042 | 0.3980 | 0.2361 | 0.1268 | 0.0617 | 0.0271 | 0.0107 | 0.0037 


5.94 Ifn=8 and c =0, we get the following from Table I. 





pil.) 0.055 0.005 O45 || O1204) - 2005:i!_-"0:30")) $0735.) 10.404" 04S 
L(p) | 1 | 0.6634 | 0.4305 | 0.2725 | 0.1678 | 0.1001 | 0.0576 | 0.0319 | 0.0168 | 0.0084 
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5.95 The AQL is the value of p for which L(p) =1-0.10=0.90, or 0.07. 


The LTPD is the value of p for which L(p) =0.10 or 0.33. 


5.96 The producer's risk is 1— value of L(p) for which p = 0.10, or 1—0.74 = 0.26. 
The consumer's risk is the value of L(p) = 0.25, or 0.24. 


5.97 (a) Ifn=10andc=0, we get the following from Table I. 





p |0O| 005| 010] 015] 0.20] 025| 030] 035] 0.40| 0.45 
L(p) | 1 | 0.5987 | 0.3487 | 0.1969 | 0.1074 | 0.0563 | 0.0282 | 0.0135 | 0.0060 | 0.0010 


(b) For plan 1 (n= 10, c= 1, see Exc. 5.93), the producer's risk = 1— 0.9139 = 0.0861 and 
the consumer's risk = 0.1493. 


(c) For plan 2 (n= 10, c= 0, see preceding table), the producer's risk = 1— 0.5987 = 0.4013 
and the consumer's risk = 0.0282. 


6.1 


6.2 


6.3 


6.4 


6.5 


6.6 
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at 
“|. : spray (BB+ 


5B -@)=- <B + 0B+0r) 


a+ p(B-a@) 1 1 
J Go ps 
B 2 2 
ae oe _1/h @ 
Galata zal 
pai (es 
Oo Boa 3(B—a 


oh pop ot) 


48 +40B+ 40° -3a° - 608-38") 


— tym ae, ae 
-—B 208+ a) (6 a) 


x- 


B-a 





1 x 
F(x) = ease — 





1 * a-By 
pala |e 


1 [Estee “ 


_ B 
(B-a)2’ r+) 


a 








0 xa 
f(xy= ae a<x<P 

1 Bsx 
ages (a+BY 


1 (B- ay" = (-1)""'(B- ay" 





~ (B- a2’ r+) 
(a) =0 when ris odd 


(b) : 


= = r+l 
~ (B- a2" (rt) AP) 


1(B-a’ (B-ay 
y= 0, =A LO 





Intergals do not exist. 


B 


1 =2) 
= ——| ——| whenriseven 
r+l 


2 


pr@) 


1 ae 
=0, uw, =—-| —— | =—(f-a)* 
ree) M4 + 5 aoe ) 
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6.7 


6.8 


6.9 


6.10 


6.11 


T(@) = [x era june 
a dv=e “dx 
angele se (a1) [xe dx du =(a-1)x*? dx 
0 -x 





=(a-lI(a-l) QED ne 


co co a-l 
1, aly z -(1/2)z? 
=-Z E@)= edy=||— | ez dz 
ys (a) J> ly is] 


dy = z dz 


co 


=) 2 fe 2 
_9! if Fa Igy (l2)2 dz 


0 


x=rcos@ y=rsinO dxdy=rdrdé@ 
2 I/2 00 co 
1 Gx -(1/2)r° = ~(1/2)r7 
ir(3) =a ee dr anale dr 1 ; 


=n{-e" du =—a[e"] 07? QED du=—r dr 
0 





ir 1 —x/3 1 —x/3 
a a=2, B=3,x>4,p=|]—xe dx=—|xe dx 
(a) p P Es All 








—x/3 
al [-F9-1) -"(2). 7 6-43 = 1 (9.2645) = 0.6171 
9] 1/9 \ 3 503 3 


fl 1 
(b) a=3, B=4, p= |——v’e™ dx = — | xe dx =0.7818 
J 64-2 TH 


4 
eacegree Pua [pe peta Dat 
=x*2e6(-Z4a-1}-0 x = B(a-1)) 


0<a<1 function — - when x > 0 
a=1 function has absolute maximum at x =0. 
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2 2 
6.13 M =(1- ft) *=1-a(-ft)+ a(at yo — oat1)(a+2) as 


2.2 22, A 
Bt , Mat Wat 2)fht yeaa 


=1+af6t+a(a+tl) 7 rr re 


anor 








My = OB, MS = Ot) B, My = a+ Iart+ 2h 
MU, = aa+l)(a+2\(at3)h" 


6.14 LU, =(a+1(at+2)f8 -3a( a+) SP OB+2a° KP 
= off (a+ 1)(a+ 2) -30(a41) + 2a7] = af? [2] = 208° 


pe 
(apy? Sor 


Ly = A(0+1)(@+2)(a+ 3) 8" - 40 a4 1)(04+2) 8 08+ 6a(a+1) Bo B -304 8" 
= 28'[(a+1)(a@+ 2)(a@+3)—4a(@41)(a+2) +60? (a@4+1)- 307] = of" 
ate of (3a +6) 6 


—____— = 34. — 
a fF a 


-Oln(1-p) l 


_1 _we = =O. 1497 -xI0 —Aln(— p) 
6.15 i We5e p= | rs d@=[-e *"] 


0 


=1-e"" =1-(1-p)=p 


De PEET). eo 

















= =e = > 
6.16 PUrST) ra e p(x= ft) 
et 
6.17 M,=(1-6t)" M,,=e "U-) |= 
: : 1-O 
2.2 33 4 
6.18 fia OE as Jee see er +ot.. 
2! 3! 4! 
1+(144-1 |e? + E45 -1si}or a E24 -141 6. 
2 6 2 24 6 2 
a 20 _, 
2.2 3 4.4 ee. ore 
(ee ee es e 
2! 3! 4! eg 8 
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6.19 


6.20 


6.21 


6.22 


6.23 


6.24 


a=>, p=2 See 6.11 


From 6.11 x= fa-1)=2(4-1)= v-2 


0<v<2 function — co when x > 0 
v=2 — function has absolute maximum at x = 0 

















= 2a] xe dx Tas 5a du = 2ax dx 
0 
1? 1 i, + 1 
=—— [ule du = r(3)- 7 = fe 
Or Va Ned” ale 2 2Va 
- 2 1 1 1 1 
f= 2a] x ee OE 8 O= 4 pm [1-4] 
a a4aa 4 
M= a dx exists only if r-@-1<1 
' r<a-2 
co l-a 
ad a 
=a @ d =a = 
2 Jx ‘ l-a|l a-l 
(a) ie dx =1 let u=arx’ du = oBx®" dx 
0 
fl k 
=k|—e“ du=—-=1 k=ap 
tae ae 
(b) w= of| x? ee dx 
0 
= a e“ du= avers i) 
l tO 
@)  f@=5 ewe F(t)= | eae Se 
0 
1 ve 
ION oad 





1-F(t) e? @ 
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t 
(b)  F(t)= of| xPt ge dy aj 
0 


f(t) ath! 


— yfyf! 
1- F(t) ew ae 











1 2 4 5 
T(6) Jxa-x° ix=20| igaee = 





P2)1A) « 4 5 |)0 
= 20 gail 3-1 )=20-50=1 
z 4 5 20 


1 


T(6) , > 1 11 1 
= = — — |= -—=] 
(b) G) wl (l-x)° dx 30|3 a 30 





6.26 f(x)=kx*1-x*! 











“ =k x™(B-1)1— x)? ?(-1) +k — x) (@— 1x? 
X 

=k x*?(1-x)??[-x(B- 1) +(a@-DU- 3] 

x(2-a- P)=1-a@ andx= ES 
»_ Tat B) fast vp 

6.28 16= ane J (—x)*! dx 

_T(a@t+f) M@t+20(P_  (a+a 

Tianl(p) Viat+B+2) (a+B+ (a+ fp) 

6.29 "= nia 


a= ——— 
a+pB (a+ By (a+ B+) 


a+B=-2 oP =nl-p— 








a at Pri 
_HU-W @_KMU-) | yk uP] 
a+ B+1 a U oe 1, a u| o 
p-2-a-o[+-1]- 2-8 
HL HL HL 


Sai op OD 
-0-o[ Hse 
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1 df(x)_d-x_d 1 








6.30 (a) Sia 

f(x) dk bx bx 5 

In f(a)-SInx=-A xe 

in fs) = oe f(x)= fold ex 

x b 

ds -df (a). A ad — ppl) x 
(b) 4G) od = rau, Bs f(x) =ke 
(c) 1 df (x) _ d-x _— —-dlc l/c 








ie eee eee es 
-dlc os, B _ AU~x + Bx 
x(d-x) x I1-x x(1- x) 

1 df(x)_-dle die, ile _=die_(d=I)le 
f(x) dk x l-x 1-x x 1-x 


iy Sin — ne 
Cc Cc 


A=—d/c=B 











f(x) = k Pama el = xe 





| 2. 2 


2 
(a) Inf(x)= k-3(=4) 
2. 6 








4) 1 (=H) -2(=#)-0 x=Ul 
f(x) dx o\ 6 ee 

df(x)_ (x-u 
ib): = roo 

GF OG) 





1 py _{ 7H) _(*7# 
. ar F(x) SF} (4 )10| 


Lah (Ay |-0 








1 df(x)_d-x (d-x) 
fi) de a 2a 
f(x) = ke" (x-dy QED 


6.32 
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6.33 M”=[(utoty +o ]\(UtotM +M[2Aut+orto | 
=M(utorn[(utort) +30°] 


M’"(0) = (ue? +30°) = +310" | 
M’"=M(ut+or2o0 (uton|+M[(utot) +307 lo 
+(Ut on (Ut Ot) +30°|(U+o1)M 
M’"(0)=30' +60° Ww? +4 
My = +3uo -34 +0" )ut+ 2 =0 
Ll, =30° +607 + - AU +3”) Oe (+) - 3" = 30" 


6.35 a, =0and a, =—~ =3 


_ utt(1/2)071? 
6.36 M,(t)=e 
= 2 2 
M =e (uloyt , 4ulto)H(1/2)0° (1/0) = ell/2t 


(x-p)lo 
6.37 E(x)=4, E(x’ )=0 4+W’, E(x*) = +3u0° 
cov(x,x°) = (ue +30") — uo” + Ww’) = 2s” 


for standard normal distribution “= 0—> cov(x,x”) =0 


2 r/2 
GaNcaees 
6.38) re ie a RA 


+ sie 
1! 2! (r/2)! 
L 


r r 


t _ r! t 
wr {2)! 2 (7/2)! r! 





(a) i, =0 since coefficient of t with r odd is zero. 
(b) 


r! 


! 1 
= ipl read off for r even. 
r ! 
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6.39 M,_,=e"M,(t) K (t)=—ut+InM,(t) 
t tr 4 
M,(t)=1+ Mitt u,- ata +Ha7 


6.40 


6.41 





t tr t* 
oe ee +n! + to} 


3! 
IG Tite. Eg 
Init z)=z-= 7 += -— 2‘ +... 
n(l+z)=z is 3° re 
tr 3 an 
K,(@)=1- wos] airs ia He te 
t? e : 
WF ais | 
1 i , : 
“hs ea } 
a Es : 
=: at Ms Me 317 uae 
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2 
=a, (4) +> TF usu+2(ah) | + S| ah 3(as) ~4uine + 12(ai) ah -6(ui)" |+ 


(a) as (b) K;=45, (©) K,=,-345 


= _ 2 
My xy MM (t) = Mtt+ut+(1/2)t707 


InM,_,(t)= sto 
K,(t)= x! ei 


Ki = 0) Bee pied 


Mz =A, o=VA 
M (x-wyo(t) = e HOM yy (<) = eve ote?) 
7 M wot) = —JAt + Mel? ~1) 
a = At + Ae = 1) 
3 


a t 
eae cy acy hal | 








Pr 
3A 
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6.42 M,(t)=(1- fry? U= af, o= Bla 


-a 
eee 
M ive =e [1-+.] 


zi 3 
InM (ya = veal Inlt2)=4t2+— 4+... 


2 3 


t t +f 
=—Jat+a when @— 0 





a 2a as 


6.43 (a) Constant terms of g(x) and h(y) are : and 


o,V2x — o,N2n 


1 
Constant term of f(x, y) =——¥——— 
270,0,)1- 


1 
If independent then yi-p° =1, p=0 
210,0,\1- p? ee a 


(b) Substitute p = 0 into f(x, y) and it becomes product of g(x) and h(y). 














6.44 Substitute y = a + bx into f(x, y) 


645 (a) “4 =-2, M,=1; Let k* be suitable constant. 








k? k? 2 pk? k 2 pk? 
-=1, —=4, = =28, so that o, =k, o, =~ and 2 =28, 
0; 05 0,0, 2 k°/2 
4p =2.8, p=0.7 
1 -1 -] 





~20—p?) 20.51) 1.02 


ie) SS 


so that o, =10 and o, =5 








6.46 Equating coefficients of x°, xy, and y’ with those of bivariate normal density 


27=(1- p jo, multiply first and third and divide by square of second 
pple p )0,0> 
p 


27:27 _A(l-p’y oro, a 
GQ ap are, 





27=4(1- p*)o; 


p=t 
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6.47 


6.48 


6.49 


6.50 


from second equation must be p= -5 


ga 6 oO, =6 
0.75 


> ~ 4(0.75) 





9, 0, =3 





2 
“= 2, fy =5, 0, = 3, ag aaa 
11 
3 


4) 36-5 
Or =36(1-2)= 253-20 Oy, = V20 = 4.47 





2 6 4 
My), ara me) oe 


U=X+Y,V=xX-Y 
EWU) = fy + fh, EV) = y= fy 
Oj, = 0; + 0; +2p0\0, 
Gy = 0; + 0; — 2p0,0, 
E(UV) = E[(X +¥)(X -Y)]= E(X?-Y?) =o) +) - 03 - 
covUV) = Of + i ~ 03 — 5 — (H+ Lb My — Lb) = OF — OF 
ae C=O 
\(o? +08 +2p0,0,)(67 +03 20,03) 
ie C= 03 
\(o? -03) -4p*o?o3 











(a) M (t,t) = ell tably HU 2M OT +2 POO ahly +0313 | ape 


0 
aT (M+ Opt, + PO\Opt,)e® = My, att, =t, =0 
ay 
(b) erie (Ll, + 0; t, + PO,;Ot,) eo +o, e° =(u, +0; ) =O, +; att, =t, =0 
ay 
(c) nai (Ly, + Ot, + PO\ Opt, Je® (Uy + Opty + PO\Fyty) + POO, e* 





= Ufa + PO|O, at t, = t, = 0 
0.003 (0,002) _0.005_ 1. q)  20.1) _2 


(a) ’ aa 
0.03 0.030 6 0.03 3 
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6.51 


6.52 


6.53 


6.54 


6.55 


6.56 


6.57 
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x 
77 x+(a-x) >= ae 
as 2 
A Cc B xt sa-x g2 
2 
(a—x)t+2>x x<-—a 
2 4 


Probability is : 
a=-0.015 and B= 0.015, B- a =0.03 


a=3, B=2 


1 cae 1 24-(1/2)x 2 (-1/2)x 1 oe 
p=—|xve"” dx= Loe 7 ie -—x-l 
8-2 16| -1/2 -1/2 1/4 2 12 


12 


Sil 29x72 Vrs [oe O2* (5 x+ i = 
16 p) 





12 


= [288° + 16e°0.7 | = 25e° = 25(0.002479) = 0.062 


U= 0B =80-2Jn =160Vn 














E=160Vn -8n ae 89 n=100 
n n 
24 
24 
(a) i Lordy = 920 = 1 98? = 19.8187 = 0.1813 
J 120 0 
(b) se ane me 0.2231 
180 
7 1 ~(1/40) x -x/40 | °° 1/2 
(a) lage dr=—e "| =e"? =0.6065 
20 
30 
30 
of eds =-e 8 a1-e 4 =1-0.4724 = 0.5276 
0 





co 


A= 0.4 per hour fo4e%ar =-¢°" 5 =e = 0.4493 
2 





A =1.2 per hour fuze" "ar =-e@' 
1 





in = e!? =0,1827 
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6.58 a@=2, B=9 











0.1 
90 f x(-2)" dx y=l-x dy =—dx 
0 
1 (0.9) , 0.9)" 
= 90 1— y) dy=90| ——-—-—+—- + + | = 0.2463 
[x were it 9 10 
f -0.5t -0.5t B -1.5 
6.59 A=0.5 fe dt=—e 9") =e =0.2231 
3 
6.60 a=1, B=4 
ames | 
a S'S 
(a) 144 5 
0.75 
=1- 
oy f (l-x)de= ayy yd ones 
Pr) 9. dy =—dx 
4 715 4 
= 4.2 ceo-(2 2) 20 3i64 
4) 256 
6.61 @=0.025, B=0.5 
2 
a = (0.025) °I'(3) = = 3200 hours 
(a) “=( y°T (3) (0.025) 
F = ax? = 0.025-./4000 = 1.58 
(b) a i Plea" gy ee “4 ‘S 
4000 dy = Bx” dx 


co 


= | e dy =e = 0.2060 


1.58 


6.62 (a)  0.5+0.4082 = 0.9082 
(b) = 0.5+0.2852 = 0.7852 
(c) 0.3888 — 0.2088 = 0.1800 
(d)  0.4713+0.1700 = 0.6413 


6.63 (a)  0.5—0.3729 =0.1271 
(b)  0.5+0.1406 = 0.6406 
(ce)  0.1772—0.359 = 0.1413 
(d) 0.2190 + 0.3686 = 0.5876 


6.64 (a) z,=1.48 
(b)  z,=—0.74 
(ce)  z3;=0.55 
(dq) z,=2.17 0.4850 


91 


92 


6.65 


6.66 


6.67 


6.68 


6.69 


6.70 


(a) 
(b) 
(c) 
(d) 
(a) 
(b) 
(c) 
(d) 


(a) 
(b) 
(c) 
(d) 


(a) 


(b) 


(a) 


(b) 


(a) 


(b) 


(c) 
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z=1.92 
am 2D): 
z=1.12 0.3686 
z=+144 0.4251 


2(0.3413) = 0.6826 
2(0.4772) = 0.9544 
2(0.4987) = 0.9974 
2(0.49997) = 0.99994 


Zy 95 = 1.645 0.4500 
Zy ops = 1.96 0.475 
Zoo) = 2:33 0.49 


Zoo9s = 2-575 «0.495 


Using MINITAB and entering =—2.159 and 0.5670 into C1, then giving the commands 
MTB> CDF C1; 
SUBC> Normal 1.786 1.0416 
we get K P(X LESS THAN OR = K) 
—2.1590 = 0.3601 
0.5670 0.9881 
Thus the required probability is 0.9881— 0.3601 = 0.6280 


Aue -2.159+1.786 __» 958 te 0.5670 + 1.786 
: 1.0416 2 1.0416 


= 2.25 


The corresponding cumulative probabilities are obtained from Table II (with 
interpolation) to be 0.3602 and 0.9881. Thus the required probability is 
0.9881— 0.3602 = 0.6279 


Using MINITAB and entering 8.626 into Cl, 
MTB> CDF Cl; 
SUBC> Normal 5.853 1.361 
K P(X LESS THAN OR = K) 
8.626 .9792 
Thus, the required probability is 1— 0.9792 = 0.0208. 


2 B02 9:99 90367. 22052047915 0.00085 
1.361 
~ 445-376 _) 5 0.5-0.4332 = 0.0668 
4.6 
oe ae aes 0.5-0.214 = 0.2860 
oe a = -1.65 0.4505 +0.1985 = 0.6490 
MO 318 a 





Chapter 6 
0.48 
(b) = 14.2-15.4 -_95 
0.48 
15-15.4 
c = = -0.83 
OB ous 
£2 = 0.83 
6.72 
0.3212 
82.5 
58.3 
6.73 
00.3 


6 
6.74 (a) n@=3.2, nU-6)=15.68, No 
(b) nO=6.5, n(1—6)=58.5, Yes 
(c) nO=117.6, n(—@)=2.4, No 


6.75 (a) nO@=7.5, nU-@)=142.5, Yes 


(b) w=7.5, & =150(0.05)(0.95) = 


_0.5-7.5 


a= = —2,6224, 
2.6693 





Probability = 0.4956 — 0.4877 = 


(c) 0.0079 — 0.0036 9 _ 119% 
0.0036 


0.5 — 0.3944 = 0.1056 
0.5 — 0.4938 = 0.0062 


2(0.2967) = 0.5934 


82.5-u 
10 
82.5-—w=9.2 
M-73.3 
2 58.3—-73.3 _ 
10 
0.5 + 0.4332 = 0.9332 


= 0.92 





-1.5 


pa c7 ge Rt Re 
0.05 


6— 4 = 0.094 
= 6.094 ounces 


7.125, 0 = 2.6693 


2& }oe 1D 99478 
2.6693 


0.0079 
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616° wa 27, OAS, a= Sati, po PU 557 
2 L871 1.871 


P= 2(0.1064) = 0.2128 Table yields 0.2095 








7 Set 
6.77 1=75, pll; 7.9) =— 


= 7.5(0.00055) = 0.0041 
6.78 n=120, 6=-0.23 
U=276, o=V21.25 =4.61 
_ 32.5-27.6 
461 
0.5—0.3554 = 0.1446 


=1.06 





6.79 n=225, 0=0.2, 4=45, 0=6 


0.5— 0.2734 = 0.2266 





6.80 (a) u=50, o=5, z= “a =03 
49 to 51 2(0.1179) = 0.2358 = 0.24 
510.5—500 
b = 500, o= 15.81, z= —-———_ = 0.664 
ye oe 15.81 
490 to 510 2(0.2454) = 0.49 
_ 5100.5—5000 





(c)  =5000, o=50, z =2.01 


50 
4900 to 5100 2(0.4778) = 0.96 


71 


7.2 


7.3 


7.4 


95 


G(y)=P( < y)=PdnX < y)= P(X Se’) 


, 
oo ee” 


= [rea aug? 
/ 8 0 





1 oy _qeye’ 
gO ace (WAe" for —co< y<oo 


G(y)= PY < y)=P(X?< y)=P(X <\J/y) 


Chapter 7 


vy 2 
= | 2xe* dx u=x° du=2x dx 
0 


7 seo 
0 


e “du=—e“ 


oa 





l-e” y>0 
a G = 
(a) (y) ( elsewhere 
_dGly) | 


(b) gy) dy 


e” for y>0 and 0 elsewhere 


G(y)= PY < y)=P(VX < y)= P(X < y’) 


; 
= [ac=y’ for0< y<l 
0 


g(y)=2y for 0< y<1 and 0 elsewhere 


G(z) = P(Z $ z)= P(X’ +Y’ +27) 


zye-y? ated let u =x? 
= -(x"+y") 
=| | 4xye dx dy andv=y 
0 0 


=1-(1+22)e® for z>0 and G(z) = 0 elsewhere 
g(z)=—(1+ z’)e™* (-2z)-22 


vA 
=2z7%e* for z>0 and elsewhere 


2 
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75 G(y)=P(Y < y)=P(X,+X,<y) 
y YX 
=| | d el d e 2h dx, dx, 
G, A; 





0 
r| 1 1 

- leer — 92! 9-0-4, les 
0 





0, 0, 
(a) 648, 
1 -y 
SO gage y>0 
(b) 6=6,=0 


y 
G(y) = lee" = J o-y, fas 
J} 8, 6 


2 


_ 1-e¢9/8- y 1 e 


1 ; 
sae y>0 
16 (a) F(y)=0, (b) FQ)=59° (c) F(y)=1-50- 9, (a) F(y)=1 


f(y) =9, f(y) = y, f(y) =2-y, f(y) =0 





Ta om = rsa P{ % <:] X=AZ+ YZ 
1% yz= x(1- z) 
co x(1-z)/z 

= e “e *dy dx fe x(l-z) 
0 Zz 
x(1-z)/z 

=l|e~* | e *dy dx 

0 


co co 


| e “e “dy dx= few | e *dy dx 
x(1-z)/z 0 x(1-z)/z 


co 


a aad) dx |e" dx =z 


0 


ll 
ee ee es 


QED 


og 
— 

NX 
WY 

I 
— 
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78 pz s2)= »( = <2] 


2z27-x 2z 


= i ( ee *dy dx =( e~ [-e | 


0 0 0 


2z 
0 





23 2g 
= fevu —e**|dx = | (e* -e** dx 
0 0 


2z 
0 


g(z) = 2e** —2e* +4ze* = 4ze 


(ola) 4 
Oe ee 


=[-e* —xe™?]| ~~ =-e* -2z e&* 








—xX 


dx 


+1 


eee 











6 15 5° 15 15 5 
2 
2 
hoje N 2) _3_1 
6 15 5 
2 
x-(2-x) 
2x-2 
xX 0 1 2 Y 29 21h) 2 
Yo es Or oS h(y) | 1 3 il 
5 5 5 
7.10 
xO 1 Z (e 
Ze ih. or A h(z) | 3 2 
5 5 
8 8 Pa 212 2 6 1 
7.11 0)=1-—=—, fl) =3-—---=—, f(2)=3-—---=—, fB)=1-— 
f (0) a7 7 fQ) 30°37 f(2) 3 a 
(a) 
x=0 1 2 3 y 0 1 2 3 
2 3 4 
A ee ee eo [ 8] 2 | 6 fa 
2 3 4 27 7 27 27 
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7.12 


713 


7.14 


7.15 


7.16 
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(b) 
x=0 i 3 pa (eo 
y=l 0 1 16 g(y) | 12 14 1 
Da ||| 2g 27 
f(x) = 00-0", ELD. Bis, x-1= 2 
y=4-5x pee of ey) 
5 5 
g(y)=01-6) ““”” for y=-1, -6, -11, -16, ... 
X 2 3 4 5 6 7 8 9 10 11 12 
fe 1 2 3 4 5 6 5 4 3 2d 
36 «3636 386—i86—“‘<té« 36 «= 36 (3636s 386 
g(0) De BAe Ps Ae 
=—+—4+—4+—=— =- 
36 36 36 36 36 3 
ee ee ee ee 
36 36 36 36 3 
a2) _1i4,5,2 1201 
36 36 36 36 36 3 
d d 
g(z)=—- f(x) x-M=0z x-OvtHU Ge 
dz dz 
2 1 2 
(z) a oO: eo UAIG-w/e] an eZ QED 
: V210 270 
f(x) =2xe™ y=x* ey 
dy 
1 ae le for y >0 
=—-2xe* = 
BO) 2x ( elsewhere 
pales so oy pgee at 
1+2x l-y 
y y 
y=2x(1- y) 2x = —— ) 
l-y 2(1- yy? 
dx dx l-y)+ 1 dx 1 
a= fox) ges Rey a 
dy dy (l-y) (l-y) dy 2(1-y) 
kyd-yy 1 ko, 
7 : = T= 
gy) 8-9)? 20-2 i? 


Beta distribution with @=4 and B=2 


! 
a SAO ee Ey AIG 
16 T(2)r(4) 113! 
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7.17 fa=s O<x<2 
ys (oe o 
dy 
1 x 1 
aE Bee 


1 a 

-y for0< y<8 
8(y) =} 6 

0 


elsewhere 


7.18 f(x)=1 O0<x<l y=-2Inx 
dx x 
— pUl/2)y = 
=e 0< y<oo —=-= 
g(y) y nD 
a=land B=2 ee re: 
7.19 f(x)=1 O<x<1 
yaxu x=y? a 
’ : dy 
= ~(ka)_ @& 
g(y)=l-ay eae eae 


7.20 (a) Y =x] g(y)=fO)+ fy) 


ae O0<y<l 


0 elsewhere 
d 
(b) z= 1=2y-2 
dz 
1 2 for0<z<l 
A(z) = —=-3z= 4 2Vz 
- 0 elsewhere 
1 
7.21 POS a=l B=3 
1 
3 for0< y<l 
(a) y=|s] gOS) 
p forl<y<3 
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(1/2) y 
x =e DY 


100 





























(b) z=y* 1=4y 2 
dz 
1 1 -3/4 
‘= 0<z<l 
42" 2 8 Zz 
a(z= 
ly de DV cg 
-—= 1<z<8l 
42°74 4 16 e 
7.22 
xy 
1 O; .% 
i,j;it 42 32 
36 36S 36 
x 2 a At. ws 
36 36S 36 
Ail Se, EON, So 
36 «36S 36 
(a) xx, 1 a 3 4 6 9 
66x) As 3 28 oe Ge DF 
"36 3636s 36 36 
(b) x, |X dy ah 22 1 3 
a O° 3 y) 
h(x, x3) 3.2 6 Oe Be Ds 
36 36036386 36 «36S 36 
7.23 (a) 
yy 
1 (a: a Cr, ae 
7) 3 
36 
g) 
—| == pre 
36 36 
1 4 
O 3 
ae 36 36 36 
: 2 6 
36 36 
; 3 
36 
(b) y, 2 3 4 5 6 
A635 1 10 12 9 
: 36 36 36s 356 36 
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x=1,2 =1, 2,3 
; y 
y 
1 2 3 
il ee ce «2 
E 7 7 
Be Ce. age 
q 7 
(a) 
Uu u=xty 
y) 3 4 5. Vea) 
4 
—2 = 
7 
1 1 
=| — = 
Vv 7 7 
0 0 0 
1 u 
7 
(b) u o) 3 4 5 
2 4 1 
g(u) 0 = - = 
7 7 7 
T2>* Bes De 2G Mis Von Ns 
2 0 O 1/16 R. 3% 0 2(0, 0, jy ee 
144 
0 2 0 1/9 2 2 0 gil, “1, )=5 
0 oO 2 25/144 0 O 2 g(1, 1, pe 
24 
1 1 O 1/6 2 0 0 g(2, —2,0)=— 
1 0 1 5/24 1 1 1 g(2, 0, 0)=< 
1 
0 1 1 5/18 Oe sa. CI Be 
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7.27 


7.28 

















x 
0 1 2, 
Gales ~ a ee 
6 3 12 
yi1i2 i! 
9 6 
> | +L 
36 
(a) u 0 1 2 
Port 
6 3 12 
2 1 
9 6 
al 
36 
5 5 
flu) = 9 18 
(b) v 0 1 w —2 -1 0 1 2 
i) 2: ‘A. 1 2 1 1 1 
. 6. 6 39 6 3 12 
1 
6 
i 2S SE 
36 9 3 3 12 
Ff (Xs%>) = ("Jone (1 ts gyn Crt) 
X )\ % 
(n n Gis ts 
x=0 1 1 
= e + "lor > gyntn ly 
y 
f (4%) = 00-0)" 00-6)?" x, +%) = y 
g(y) =k@ (1-6)? b*(y; 2, A=(y-1l)-# (1-6)? 


k is number of ways in which x, +x, = y (with y fixed) 


which is y-1 g(y) =(y-D@d- 6)? = Py )ea-o 
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1 -(1/2)(x? +?) 

729 —e are 
a 


JD -wareen?] 
20 

It» _ : 5 
9p 2M ZV MU2)] |g U2)(2°12) 
20 

v2 (1/2) [( x= 2/2)///2 iP V2 ~(/2)( 2/2 
——e eae 
V2 al D7. 

! e202 

20 
normal “= 0 o -2 


7.30 f(x, y)=12xy(1- y) z= xy" 


Zz 1 
g(Z, y)=12-40- y= 
y y 


=12(y?- y’) bounded by z=0, u=l, z=u" 








1 s a4 
h(z) =12z f(y? = y*)dy = 122] 2-2 
2 -1 IIv/z 
vz 
=12o]-S 4142 --| 
2 2z vz 
=62+6-12Vvz O<z<1 
0 elsewhere 
z Ox —2z oy 
7.31 z=xy’ x= = oy 
ur ou ou ou 
Uu Uu ox 1 oy 
y y eee . 
ae 1 
J= “ur ue Pag 
1 0 


Zz 1 7 : 
8(z, 4) =12-u(l—u)-— 7 = 12ztu 3_y?) 


from here same as in 7.30 
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1 
m (1+ x; (+3) 
eee at Sane 
m (1+ x; )1+(9,-%2)7] 
Use partial fractions to perform necessary integration 


Result is s6)22 Z 5 
m4t+y, 


132" J O3s)= VHX +X 


B(X, Y>) = 





—o< y,<oo Cauchy distribution 


7.34 g(u, y)= over region bounded by y=0, u= y, and 2y—u=0 


1 
2 
O elsewhere 


(1/2)(u+2) 1 
2<u<0 h(u)= —dy=—(u+2 
(uw) J aay a7 (ut2) 


(1/2)(w+2) 1 
O<u<2 h(u)= | 5 ay = 72-0) 


elsewhere it is 0 


7.35 u=y-Xx,v=x 


ou __y ou _, ov, ov _ = 
ox oy ox dy 


Z over the region bounded by v=0, u=—v, and 2v+u=2 


f(u,v) = 


N 


0 elsewhere 
(1/2)(2-w) 


1 
g(u)= | po ge for0<u<2 
0 


(1/2)(2-u) 


1 1| 1 
g(u)= J $y =3) 50-0 +4 | 
1 
Pye for -2<u<0O 
7.36 f(X,, X,) =4x,x, yy = Yo = XX 
Ox 1 Ox 
aay alts i es —I1-9 
dy, fy, dy, 
Ox 1 s Ox 1 
= y,/ fy aS yy? z= 


Chapter 7 


80» Ya) = Nii es oy, 


yj 
Jy 


over region bounded by y=1, y, =0, and y, = y; 


7.37 f(x, y) = 24xy y 


Z=xXty w=x7x=w 
and y=z-—w 





Bey Ok 
ow dz 
oy oF oy 
do dz 


24w(z-w) over region bounded by w=0, z=1, and z=w 
E(w, Z)= 


0 elsewhere 








7.38 (a) u= andv=x+y 
X+y 
ox ox 
x=uv =v =u 
ou ov 
y=v(1-u) oy Pata 
v Uu 
J= =vil-u)t+tuv=v 
-v d- A 
1 a-1, a-1 -(1/B)(x+y) 
== a e 
poe erat 
g(u, V)=—, [wil ayle ee ee” 
Ber@y a a) 
for 0<u<1, 0<v<o 
(b) AW=>, lw w)]2" | v2 te "dy 
Brae q ayy Jy 
1 2 OF a-l 
= PTI) - Fu — 
B°T(@/ ( Qa) [u( u)] 
= EN getg u)*|  forO0<u<1 
T(@)l(@) 
U has beta distribution with B= a 


x 


105 


106 Mathematical Statistics, 8E 


7.39 y=x,+x,+%, ms 
8(%, X), y)=e” x > 0,2, > 0,7S0 
yyr 1, xy 
net. —ye” fory>0 x+x,< 
ny) =| il e "dx,dx, =+2 y y 1t%%Sy x 
0 0 0 elsewhere 


7.40 g(y, x,)=h(y) as given in Example 7.13 


y I+I 
(a) g(y, u)=A(y)-1=42-y TI+IV 
0 elsewhere 
u u Ww 
(b) hu) = | gy, u) dy=[y By = for 0<u<l1 
0 0 


1 u 
niu)= [ y dy+f2-y) dy= Su Su? l<u<2 


u-1 1 
2 
1 
h(u) = | (2-y) dy = 50? Su) U-2) 2<u<3 
u-1 


h(u) =0 elsewhere; hA(1) = re h(2) = : will make it continuous 


7.41 My =[1+ Oe! -1)"[1+ Oe! -1)]” 


=[1+@e' -1)]J"™ 
Y is random variable having binomial distribution with the parameter @ and n, +n, . 





Oe’ } Ke" 


7.42 My, = is 
[1-e'(1- ay 


743 M,=(1-ft) 
M, =(1- By 
Y is a random variable having gamma distribution with the parameter @ and /. 
7.44 My = eltHl2)ro 
M, =[lestteaee = elaeure(Yer) 
we = 


Y is arandom variable having normal distribution with “= > i, and o = > oO 
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7.45 


7.46 


7.47 


7.48 


7.49 


Let Z,=a;X; 

M, =M, (ait) 

since Y = Sf, 

My, = IIM, (a,t) QED 


Xj 


272 
M elit Ql2ye OG Y= ya.X; 
My Teta t+(1/2)t?a?.07 


This is normal distribution with “= Sait and variance 0° = >» a; o; 


G(v) = PV <v)= P(SP Sv) 





0.4 v/p vip 
=[spfe “ds dp = [so] Le ‘ dp 
D 0 
02 0 
04 
5{l-e ’]dp=1-e” 
0.2 


g(v)=e” for v>0 and 0 elsewhere 


xty=2u 


2u 2u-x 
Gu) = | | _ 1 ,-x30 _ 1 ,-y/0 dy dx 
ae 30 30 








= {ews _ owls y>0 
15 
g(u) = ial for y > 0 and 0 elsewhere 
Z=X-Yy 
20 x 
20- x 
for 0<z<5 G(z dy dx 
(2)= LI : y 
£56 In 2-10) 
25 
e(z)= 55(20 In 2-10) and 0 elsewhere 
for 5<z<10 
20 x-z 
2 
G(z)=1- | | x = “les dx leads to 
2z x/2 25 ca 


1 
S152. 9900 Ine) far Sere 10 
aQz)= x n=) ee 
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7.50 


7.51 


7.52 


T.53 








1 
x, y)=— O<y<x Z=x- 
f(x, y) ah y y 
gd 
Goa Pe 0<z<20 
z 200 
S Pe i cone es 1  20-z 
y 2 200 200 
for 0< z<20 
7 10 70 0 elsewhere 
2TH g 3 
for 0< y<l G(y) =| ) —(5x,+x,)dx, dx,=—y° 
‘ope 11 
meee 
aB=Ty 
2-y 2(1-x2) 
for l<y<2 G(y)=1- | 7m taeda dr 
0 yx, 


ages Le 
=1 Th aie y) 


_ 3(2-y)7y—-4) 
11 





g(y) 


fayek’e* v>0 


dv dv 2 
=mv yv=,/—E 
dE dE m 


m-2v 





eo? l= 
2 


k tecaed eee 
g(E)=—v @ OE = KE'?e which is a gamma distribution 
m 








ea ee O<x+y <1 Party? 
1 
4 dx dx dx =r 
ener 2r = — —_ = — 
g(r, y) ae = oat 
4 r_ 1 r 
ux a JP-y? 
na= 2 [2-4 (et aint BP 
ovr -y 2 Vr-y r |0 





=2r forO<r<l 
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7.54 


7.55 


7.56 


7.57 


7.58 





2 O0<x<l x+ 
f(x, y)=<(2x+3y) zea 
5 O0<y<l Zz 
2 
g(z, I) tet ye Qz=xty 
pam 
dz 


A 
_ 5 Aety) over y=0, y=1, 2z=y, and 2z=y+l 


0 elsewhere 


2z 

1 
h(z)= = | (42+ y)dy = 82" for 0<z<— 

ae 2 

4 f 1 
aa | (4z+ y)dy = 8z(1- z) for 5 «esl 

2z-1 


h(z) = 0 elsewhere 


Also, let (3 =2 








f(p, s)=5pe?* 0.2< p<04 and s>0 
— all Oi ihe OSs Oy op _, 
w dv w ow w ov ow 
1 v 
w=p p=Ww J=\w wl=— 
0. Sp] 


+ 1 * 
g(v, w)=5we '-— =5e” for 0.2<w<0.4 and v>0 
w 


0.4 
h(v) =5e" | dw=e" for v>0 
0.2 


Using MINITAB, we generate 10 "pseudo-random" numbers in C1 having the standard normal 
distribution with the following commands: 

MTB> Random 10 C1 

SUBC> Normal 0.0 1.0. 


First the computer generates 10 "pseudo-random" numbers on the interval (0, 1). For example, 
for numbers to two decimal places, the interval (0, 1) is regarded as the union of the 
subintervals (-0.0050, 0.0049), (0.0050, 0.0149), ..., (0.9950, 1.049), corresponding to the 
numbers 0.00, ..., 0.01, ..., 1.00, respectively. Since there are 101 such intervals (numbers) each 
one is chosen with probability 1/101.. Then, the required numbers are generated with the 
inverse of the probability integral transformation. 


Total number of calls per hour is random variable having Poisson distribution with parameter 
A=2.1+10.9 = 13. From Table II 

(a) 0.1021 

(b) 0.0002 + 0.0008 + 0.0027 + 0.0070 + 0.0152 = 0.0259 
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7.59 Total number of inquiries is a random variable having Poisson distribution with 
A=3.6+5.8+4.6=14. From Table II 
(a) 0.0001 + 0.0004 + 0.0013 + ... + 0.0473 = 0.1093 
(b) 0.0989 + 0.0866 + ... + 0.0286 = 0.3817 
(c) 0.0554 + 0.0409 + ... + 0.0001 = 0.1728 


7.60 Six inquiries with A, =5.8 p(6; 5.8)=0.1601 Table ii 
Eight inquiries with 4 = 8.2 p(8; 8.2) =0.1392 
(0.1601)(0.1392) = 0.0222 


7.61 (a) = p(2; 3.3) = 0.2008 
(b) = p(5; 6.6) = 0.1420 
(c) — p(at least 12; 9.9) = 0.0928 + 0.0707 + ... + 0.0001 = 0.2919 


7.62 (a)  p(4; 3.2)=0.1781 
(b) — p(at least 2; 4.8) = 1— (0.0082 +. 0.0395) = 0.9523 
(c) p(at most 3; 6.4) = 0.0017 + 0.0106 + 0.0340 + 0.0726 = 0.1189 


7.63 (a) Gamma with @=2 and B=5 
8 
1 
at] x ede = 0.475 
S14 
(b) Gamma with a@=3 and B=5 


co 


lee eax = 0.570 


12 





5 2! 


co 


1 
7.64 (a) 5 | ody = 6? =o? — 0.1086 


20 


(b) Gamma with a@=2 and B=9 





mal x e dx = 0.3492 
81-1 si 


(c) Gamma with a@=3 and f=9 


co 


[= eo dx = 0.6168 


20 





9°.2 


3 x 3-x 
7.65 f(x) -| 2 (2) ,x=0, 1, 2,3. For x7>2,x>1. The probability that x >1 is given 
x 
1 


(3) (J) -ze-G) 





Chapter 7 111 


1.66 P(x>l)= fos: e ey = @ 5, 
1 


2 

2 
Cis Ace ee has ae po a 
4 2 dn 


Vx 1 5 


Substituting for din jh 7 <) dd , we obtain 


2 1 1 1 2 
i [ 7 a) dA= i( Ja so that the integrand is 





5a Na VA VA 5 q3 


g(A)=n 7A? - =o for 0< A<25z/4, and g(A) =0 elsewhere. 


1 2 : 
7.69 f(x)= ee ee Substituting y=Inx, with x=e” and dx =e’dy, we obtain 
TO 





. y lela ay 20" for y>0O, and g(y)=0 elsewhere. 


Ga 
“Pao 


I 
7.70 Since G= ea. , and G is normally distributed with the mean 1.8 and the standard deviation 


0.05, we calculate z= os = 84 and conclude that the probability of the gain exceeding 6 is 


negligible. 
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1 1 1 
81 a,=--,..,4,=l-— ..4a,=- 
n n n 
1 1 1 
b=-,... b,=— ...b, =— 
n n n 
1 1 ine 
CON Sa te = eo 
n non n 


82 Y=%,-%, 


1 1 
(a) E()= EG -%)=— DE) -— 9 Ea) 
1 #) 


ny Ny 
Shah Hh fy 
ny Ny 
1 1 1 1 CG Oo 
b var(Y)= ¥ —var(x,,)+ ¥ —var(x,,)=—-no- + -n,o5 = ++ 
(b) WED i Gi)+ Dina Cas Me geet 


83 M,()=][ My, +) . I. [=| 
i=l 2 


1 j=l 


ny ur) 
_ = 2. 
=[ Jet e/n) + 0/2007 E/T Leeman) 
i=l j=l 
= ella U2 op Im ye  eblatt(U 2) 3 Img 


= ell Ha tH 2MCOF Im (0/13 NIP 


H= Mb, 
nm Ny 


84 M,=[1+e'-1)] 
M, =[1+ Oe" -DJ" 


M’ i nfit+ ae” = py enn _ Al+ ae” _ ire 
n 
M’(0)=@ 
M” = Ofl + He!” 7 0) ee : A el” + Ge!” (n = Hit + He" =, py"? FG gum 
n n 





M0) 22 FO) 
n n 
a 0, Fa-)_ p_ A(n-1) 
n n n 
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85 E(Y)=4-4,=9,-4 
Oo 40-4) , &U-) 


nm Ny ny Ny 


var(Y) = 


Follows directly by substitution. 


fe jA0— 8) 
n 


86 M.=[1+e'-1)]" u=6 


= t ay] = no n 
M pio = & HO. Mf 4) aig set [i+ ae" ieee ‘)| 
NO); 
Use series expansion to show that as n > 
M = (1/2)1? 
(-wlo ~? © 
8.7. (1) independent 


(2) information bounded with k = ; 
1 i va ee a Wl 
a eesy=4]t-(2)]e3{(4) -1|-0 
i 2 i 2 i 2 
wo pT 0 
Pn alee Le 5 








EF 

EY, )=n- 1 + i 
aes, “es Ges 

2 4 


lim E(Y,) = tim[ n-242] >= QED 
noo n—-co 3 


8.8 (1) independent 
(2) uniformly bounded k = 2 
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2 
1 
I 2-(1/i) 1 (2-2) 1 
G)  E@)=—> f xae=-—,+—=1- 
2-— 0 2-- 2 2i 
i i 
1 2-(1/i) 
B(2)- 4 f Pax 
225 0 
i 
3 2 
bY ey 
E 2 = Ll = 1 o= 
(x;) 1 3 3 
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8.10 E(x,)=0 o = 


varty,)=n-(S4tet|ea [tet | 
n 


2-(1/i) ; 
; ce ac=4{2-1) eee 
4 . . 
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oe 11 1 1 i+ 1 
Dies be. 2°38 a a ae 
y y2 a 3/2 
vane ” Spd ee lees l= | 
2 2 4 4 8 
si >0 when n —> © 
kVnn+ 


8.11 When we sample with replacement from a finite population we satisfy all the conditions for 
random sampling from an infinite population. The random variables x,, x,, ..., x, are 
independent and identically distributed. 


8.12 Hypergeometric distribution applies to sampling without replacement from a finite population 


nae: 


Consider population of k 1's and N —k O's. 


2 
mee and got oe 
N N WN N 
by theorem 8.6 E(x) anf and wie we eee 
N nN N-1 


k(N-k) N-n 
N* N-1 
Then let 0=~ —E(Y) =O and var(Y) =n6(1- 09) X— 

N N-1 
Y is arandom variable having the hypergeometric distribution. 





and for Y = nx E(Y)= “ and var(Y) = 























142+3..4N MN(N+1) N41 N+ 
8.15 (a Pee ee 7 ve 
@) w= LCN, ge™ 
oa tN? (NDE _(NFDQN 4D (N+)! _NEW1 
iy + 6 4 12 
Ae = — 
eae a Ne) 
12n N-I1 12n 
4 as, _ 
() We ae! and var(Y)= nN + DW =n) _ nN +N -7) 
2 12n 12 
8.16 Sic =130 M=13 YS) (C- 13)? = 256 


o Beale 
10 
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N ‘ 1 
817 o di LL) a 
1 N N 
1 {Sean Sia rn | 
N i=l i=1 
1 N 
= Siet—amae ne | 
i=l 
N 
De 
ee 


N 


2 


U 


In Exercise 8.14 we have 


1 15413 
= (ISH13+...+9)-— = 13.05 per cia —* +" _ 43.07 =25.8 











= : [3x7 208? +n] 
n-1 


i=l 


2 
2M ag 


-1 n-l 





From the given data we calculate 


8 8 
YS) X; = 108; YS! X? = 1,486 
i=l i=l 
2 (8) 
S?= AL a ny 4 
7 i 


8.19 Multiplying both sides of the last equation in Exercise 8.18 by n we have 


n nae a 
ae _ (nx 
n-1 n-1 


2 
ny) X}- » x, 
i=l i=l 


n(n-1) 





AS = 
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8.20 


8.21 


8.22 


8.23 


8.24 


8.25 


8.26 


8.27 


Substituting the data of Exercise 8.18 we obtain 
x 2 
= 81,486) — (108)" _ 4 
8(7) 


M O=da Uy. YS x, 


M,(t)= [Jc ~ 24) 02% = 21) WD" 


i=l 


chi square with yy; degrees of freedom 


M,, (1) : M,, (1) = IME (t) 
(LM Oa (2p ern 
M. (t)=(- 24) V2 QED 


chi square with v, degrees of freedom 


MG-a =YIG-+e-a) 
i=l 1 


i= 


7 Soy, —x)y +23; = Hr- +S E- 
3 i=l i=l 


= yer — xy 4208 - d(x; —x)+n(x- pw)? 


i= i=l 











=¥ (x, - 3) + (F- py? QED 
(n-1)S” ee 2 =O =". 
joe \- 1 E(S°)= a =o 
(n-1)S* |_ _ es, Ect _ 20" 
va] DS a 1) var(S Gai Die 


Follows directly from central limit theorem 
x, has chi square distribution with 1 degree of freedom 


i=1 and o= 2 


Y -n 








From 8.24 with z=—* — N(O, 1) 

V2n 
Here Y, is a Chi-Square random variable with n degrees of freedom. 
u=50 and o=VJ2-50=10 z= —_ =1.8 


Probability is 0.5000 — 0.4641 = 0.0359 


V2x-J2v <k 
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V2x <k+J2v 
2x <k? +2kJ2v + 2v 
Qx-2v<k? +2kJ2v 


2 
x-vV k 


Vr Bay” 





ke 
8.28 From 8.27 aca tes ape k|- P| V2x - V2v <k | 


Since ~—" -» N(0, 1) for n> ©, also P| V2x -V2v <k | NO, 1) 
J2v 
Also, z= V2-68 —J2-50 = 11.66—10 = 1.66 


0.5000 — 0.4515 = 0.0485 





0.0359 — 0.04596 











8.29 From 8.26 probability is 0.0359; % error = -100 = —21.9% 
0.04596 
From 8.27 probability is 0.0485; % error = eee -100 = 5.53% 
0.04596 
r( ue _ 4 \-(nt)/2 
8.35 f(x)= < “f) 
n 








_& el” ae 
J pa "5 \(5 a n n 











2, 2e 


/2 
k(n-1)" (i+ ye 2w)-a2)] 


~ Ya(n— 2)? 1 





k(n-1 n/2 2 
> = oe [atu] “uy? 


as (n—1)" vay 2 -1/2 
=? ee [atu |" +n) 


L L L 


Ss 
<5 
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8.36 The Cauchy distribution 





8.37 poe w=v u=Fw yew 

v/v Vy 

OU. Min LL Aa OU ag ov 

OF v, Ow v, OF ow 
Vy Vy 
w— F— 

J=| Vv Vy = wt 
Or. alll; 


f (Uy V) =k U2 y0%2-2)?2 9-2 uv) 


(4,-2)/2 
y Z _ ; y 
g(F, w) = K( m2 we? 22, (1/2) wLF (yy/v2)+1) w— 
Vy Vo 
= fl FM D2 (ort -2)/2 42) WLF (4/02 41 
ACF) =k” OEE [ye Orie ee ig 
0 
bat ; : vpt+v 
Gamma distribution with @ = —+— 
B= 2 
y 
F+1 
Vo 


: —(1/2)(y, +2) 
= CF ?)? [ras 7 QED 


12) 





uly . : 
| where uw and v are independent chi square random 


8.38 Make use of the fact that F = 
viv, 








variables, so that E(F’)= 2 ppe{ +] ae Nes ve 1 32 QED 
vy Vv Vy Vo 7 2 Vo 2 


—(1/2)(y,+¥2) 
esa =|1+ LF 
8.39 V> V> 


5 erie % 2(F) eS Flown F/2 


fF) _ ppl oe UDF 4 x7(v,) 


a 
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8.40 


8.41 


8.42 


8.43 
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T defined as T = 





Z 
in Theorem 8.12 where Z + Y are independent. 
VY /v e 


2 








ras where Z* = y°(1) by Theorem8.7 Y=y77(v) QED 
v 
Uisy (v 
ree ns in Theorem 8.14 r ) independent 
v/v, V is ,) 
1 
ra = aan is ratio of 2 chi square random variables with v, and v, degrees of freedom 
u(v 


So - has F distribution with v, and v, degrees of freedom. 


x > F(,,V>) 
y > F(,,¥2) by Exercise 8.41 
P(x2 Fy, J=& 


Vy OV: 


~~ GV1,V2 


1 
P(—>F =a 
GS ) 





1 
P(Y s Pie ose ai ) =a 28" 1-AV,Vy = F 
A,V1,V2 
(3 
2 2 yal = yr 


UA ese aoe 
r(a}(3] 
2 2 


Voy 
x=—+— y= = 
v,d— y) V,+vVx dx (v,+xVv,) 


r(2 + “| (v)/2) (%)/2)-1 2 
e(x)= 2-9, { Vx ) -1[ V2 (4) 
2 Z 
(2) 
ee eae v,/2,, v9/2 1 (v/2)-1 et 
a 
a 2 
(2) y,/2 —(1/2)(y,4+V2) 
ee (2 0m( 14th) QED 
wen 


2 2 


Vix dy _ YY 
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8.44 Substituting into formula of Theorem 8.14 yields 


_ Td) 4 OF 
B= Tora HOt Gye 





Since - has same distribution as F by Ex. 8.41 





' OF 
probability = 2 7 si dF letu=1+F  du=dF 
+ 
2 


F) 


= 2[ au = = 


n-1 
ey rer rl -x/0 _1 _yjel ys]! 
8.45 2¢)(y,)=n-e Ip dx rg [e ] 


: y 
": ao for y, > 0 and g,(y,) = 0 elsewhere 
81a) = ngerl esta] hs el —ewle 
Vn 7 4 - 


for y, >0 and g,(y,) =0 elsewhere 


ae cauy on! I -x/0 tl -x/0 i 
_ (2m+1)! -3/0]" 1 _xef -x/e" 
om! m! [Ine | oO le | 
_ (m+)! 
m!m! @ 


n-1 
8.46 g,(9,)= ot fas =n(l- ye for 0< y, <1 g,(y,) =0 elsewhere 


n-1 
Yn 
ssoo=nr| fas =ny"' for 0<y, <1 g,(y,)=0 elsewhere 


8.47 rey at Fas] | fax] - ns x)" 
m! m! ‘ 


for 0<x <1 h(x) =0 elsewhere 


gene [1 aged ii for x > 0 and h(x) = 0 elsewhere 
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1 
8.48 E(y,)=n{ y,(1-y,)" "dy, let u=1-y, 

0 
| ee n 1 

= nf d=wu"du =n 2 Ja =—— 
n ntl n+1 n+l 
tt 

Bot) =a] sil yaya u=1-y 


=nfa- ‘oe “aver 2-241) -| 2 | 
n n+l n+2 (n+1)(n+2) 


a =o ( 1 oo 
Det Pa DHL). > Cn GED 





J 


n-1 
1 
8.49 ¢(y,)=n 12y2(1- nfrafro-s a 
=12 ny1— pees aye = 
=12ayp(i-y,)[1-4y3 +39] for 0< y, <1 g,(9,) = 0 elsewhere 


n-l1 
Yn 
g,(y,) =n 12y2(1- roliafra-s a 


=12 ny,-y, yn" (4-3y,)"" 
=12 ny-""(1-y,)(4-3y,)"" for0<y, <1 g,(y,)=0 elsewhere 


m 


8.50 n(x) = tw Gael x (l— x) és 12x%°(1- a) 9] (l—x) és 


m!m 


— 122m +1)! Samer 
om! m! 7 
h(x) = 0 elsewhere 


(1—x)[4-3x]" [1-457 + 3x°]” 








8.51 (a) 1and2 Yo = () (b) 11 31 51 y 810) 
1 and 3 1 4/10 12 32 52 1 9/25 
1 and 4 2 3/10 13 33 (53 2 7/25 
1 and5 3 2/10 14 34 54 3 5/25 
2 and 3 4 1/10 15 35 55 4 3/25 
2 and 4 21 41 5 1/25 
2 and5 22 42 
3 and 4 23 «43 
3 and 5 24 44 
4and5 25 45 
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n-2 
l Vn 1 
_ 1) 2 pO nl 2 xe 
S22. a 2059, = MD ere | O° a 
as | = ect a Oss. n-2 
= ae ds geile yf?» ue for0< y,<y, <0 
8(y,, Y,) = 0 elsewhere 


n-2 
Yn 
(b) row raener-o fas 
YN 
=n(n-1\(y,-y,)"" for0<y,<y, <1 
g(y,, y,) =0 elsewhere 


1 
8.53 From 8.48 E(y,)= n| y,0- y,)" "dy, = = 
4 n+l 


1 
and E(Y,) =n] yy dy, =—— 
; n+ 


L Yn 
Pe 1 
EY, ¥,)=n-Df | ¥i%n ny)" dy; ayy =— 
00 


1 Lon _ (ntl =nnt2) _ 1 


cov(Y,, Y,)= - = = 5 
nt+2 nt+1n+l1 (n+2)(n+1) (n+1)(n+2) 





ytR n-2 
8.54 A(y,, Benin DFOpFOrrR} | f(x) a 


M 


Let y,=y,+R 
dR 
and transform holding y, fixed. a =1 
Yn 
yy tR 


n-2 
1 1 
= = — yO (yt R/O 4 7x0 
8.55 h(y,, R)=n(n-1) P eve | | a° a 


M 


nin—-l) _\ pie —y _Rie V2 
a ( iz y(n 1/86 Orn"! |e sa 





e 
n(n-1) _y ne —RIe -R/9 |"? 
=——e "ee l-e ] 
F L 
ae 1 oo R/0 [1 = eel 
G 0 independent 
8(y)) F(R) 


f(R)= a : eel - gre for R>0 


g(R) =0 elsewhere 
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n-2 
y,tR 
8.56 h(y,, R)= nro) | a =n(n—-1)R"? 0<R<1-y,<l 
aa 
and 0 elsewhere 


1-R 
g(R)=n(n—-1)R"? | dy =n(n—-1)R" °(1—R) 0<R<1; =O elsewhere 
0 
1 _n-l 
nnt+l) n+l 








1 
8.57 E(R)=n(n- pfra ~R) dR=n(n-1)- 
0 


1 _  n(n-l) 
(nt ))(n+2) (n+1)\(n+2) 





1 
E(R?) = n(n—1){ R"(1-R) dR =n(n-1)- 
0 
— n-l) (ml)? _ ntn-Dmt)-(t2)-1)* _2An- 
~ (nt l)(nt2) (n+l)? | (n+1)°(n+2) ~ (n+l)°(n+2) 





Yn 
8.58 (a) p=| fax Lee 








V1 dy, - 
1 
A(y, pP)=nn-)f(y)£O,)P" > =n(n-1)f(y)p"” 
fOy 
Vy dw 
(b) w= Jr ds F=f” 
dw, p)=n(n—-1)f (ys) p"” =n(n-1)p"* 


S(2) 
w>0, p>0,wt+p<1 
(vw, p) =0 elsewhere 
l-p 
(ce) g(p)= il n(n—-l)p"* dw=n(n-l)p""*(1-p)  O<p<l1 — g(p)=0 elsewhere 
0 


8.59 Density of P is same density as R obtained in Exercise 8.56, so the formula for the mean and 
the variance are the same as those obtained in Exercise 8.57. When n is large 
E(p) > 1and var(p)—- 0. 
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2) 10-11. 
8.60 (a) j= a0 


3 
20 19. 
b) ]- 2B - 1140 
3 
50 .49- 
(c) [5 ]- 2S - 15,00 
3 
8.61 (a) eee (b) ane zee 


49 
2 49! 4713! 3 


8.62 ~~ =——.—_ = — = 0.06 
a 2!47! 50! 50 
3 


8.63 (a) It is divided by 2 V120/30 =2 
(b) It is divided by 1.5 V180/80 =1.5 
(c) It is multiplied by 3 450/50 =3 
(d) It is multiplied by 2.5 — /250/40 =2.5 


200-5 300-50 _ 














1 


2 ~ 12-21-20. 77 


8.64 (a) = 0.9799; (b) 

200-1 300-1 
is G)? meio wl e168 2 Si 
, Opal. 

P(|X -75|<5-1.6)>1- = = 0.96 

5.25 
67-75 83-75 
(bo Z,=-[S=-5; Z,=—>=5 
100 100 
From Table III, P(67 < ¥ < 83) =2-0.4999997 = 0.9999994 
8.66 0,=°>=0.7 see 
9 0.7 


(a) Probability is at most : 


(b) 1—2(0.4772) =1-0.9544 = 0.0455 


8.67 0. =0.7 a 
400-1 


1—2(0.4875) = 0.025 





= 0.7(0.8941) = 0.626 


800 — 200 


800-1 


= 0.7509 


125 


126 


8.70 


8.71 


8.72 


8.73 


8.74 


8.75 


o, = 28 = 0,85 
8 
(a) pa S251 _ 1 765 
0.85 
0.5—0.4612 = 0.0388 
(hj: ees = 66 
0.85 
505-514 __1 9s 
0.85 
2(0.3554) = 0.7108 
(306-514 __go4 
0.85 
0.5—0.3264 = 0.1736 
BLE 5 ga2 5219 
100 2.5 


1—2(0.3849) = 1— 0.7698 = 0.2302 


Ey keen Eee ae eT 
“= V400 400 -. * 
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ko =18.03 The value of x,— x, will fall between —18.03 and 18.03. 


Z=2.57 k = 2.57(1.803) = 4.63 


My _y, = 78-75 =3 O; 5 = ae 
beg Be: 30 50 


z= — = 0.6 0.5—0.2257 = 0.2743 
E(6) =0.70 var(@) = —— = (0.0025 
(a) k= 08 435 

0.05 


Probability is at least 1— = = 0.3056 


(b) 2(0.3849) = 0.7698 


o =0.05 
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8.76 1- = =1—0.9375 = 0.0625, k =4 











_ |(0.4)(0.6) ¥ (0.25)(0.75) 
500 400 
It will fail between 0.40—0.25+ko = 0.15 + 4(0.0308) = 0.15 + 0.1232 
0.0268 and 0.2732 


= /0.00048 + 0.00047 = 0.0308 


2 
8.77 n=5 o =25 y= 3 7A) 
Lyn 2 80 16 
aa = 20 = = = 3D 
LOG ye s arrar 
s’ =30 Ai ee Ss eng 
25 5 
48 
1 pl 4.8 
robability = — ~W2 dy =| — (3 +1) 
F ‘ adr? Pee oe Ola 





= —3.4e°4 +2.6e7!* = -3.4(0.091) + 2.6(0.202) = 0.216 





2 
8.78 n=16 o =25 ~ = 0.657 
25 


has chi-square distribution with 15 degrees of freedom 
probability [y 2 0.6(54.668)| = P(y 2 32.801) = 0.005 
probability [ y < 0.6(12.102)] = P(y $ 7.2612) = 0.05 
total probability = 0.055 


2 
8.79 o =4 n=9 y= =2s" 


probability [ y = 2(7.7535)]= P(y 215.507) 8 degrees of freedom 
=0.5 (Table V) 

_ 47-42 

L125 


result is highly unlikely and conjecture is probably false. 


8.80 1 





=3.57 Since 3.57 exceeds fo 995, 94 = 2.797 for v = 24, 


8.81 1 218-285 _ 0.7 = 1347 


18/J12—-1.8/3.464 
Since this value is fairly small (close to —t) ;9 ,, ) the data tend to support the claim. 
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8.82 


2 2 
rf > 116] ~ Pfs > «16.0.9 = P(F >1.74) 
So 

for 60, 30 degrees of freedom 


From Table V Fos, 60,30 = 1-74 So probability is 0.05. 


2 
8.83 F=- 


2 
aes < son] =1- P(F > 4.03) with 9 and 14 degrees of freedom 
So 


From Table VI Foo1,9, 14 = 4-03 
So probability = 1—0.01=0.99 


8.84 Giving the MINITAB commands 
MTB> CDF 1.363; 
SUBC> T 11. 
We obtain 0.8999, which verifies that 7, ,, = 1—0.8999 = 0.1001 The remaining four values 


also can be verified to within an error of at most 0.0001. 


8.85 Following the procedure of Exercise 8.84, but using 21 in place of 11, we verify all five table 
entries to four decimal places. 


8.86 Using the MINITAB commands 
MTB> CDF 4.21; 
SUBC> F7 6. 
We obtain 0.9501, verifying the entry in Table V to within an error of 0.0001. The remaining 
entries are similarly verified to within an error of at most 0.2 


8.87 Following the procedure of Exercise 8.86, but using 
SUBC> F 12 17 
We obtain 0.9900. The remaining entries are similarly verified 


8.88 From 8.46 g,(y,)=nU-y,)”| y<y,<l 
i +3 {0.2 
probability = n| (-y) dy, = 0-9)" 

0.2 


(0.8)* = 0.4096 
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8.89 


8.90 


8.91 


8.92 


8.93 


8.94 


8.95 


8.96 


e(y,) =36y,(1- y, (4-y,-3y,)°  forn=3 
= 36[16y* — 40 y? +33y°-9y!] 


0.9 
probability = l g(y, dy, =0.851 
0 


g(R)=20R°(1-R)  for0<R<1 





ae 3 4 4 5, {1 
probability = 20 | (R? — R*) dR=(5R*—-4R°)| __ = 0.3672 
. 0.75 
g(p)=n(n-l)p(l-p) O<p<!1 
= 90p*(1- p) 
1 
1 
probability = 90 | P'(\- p) dp=(10p?-9p")|, 
0.8 3 





= 1-1.3422+0.9664 = 0.6242 
g(p)=n(n-l)p" *(- p) 


P 
a=n(n—1){ p"?(— p) dp =np"*—(n-1)p" = p™ [n-(n- Vp] 
0 





n-1 _ a 
. n—-(n-1)p 
for @=0.05 and p = 0.90 OR ge 
n—-(n-1)0.9 2n+18 
1 1 1.90 
=—+-- -9.488 = 0.5+ 45.068 = 45.568 rounded up to n = 46 
2 4 0.10 


The top cans have less pressure on them and may be less prone to damage. 


(a) The sample, without the "bad" parts, will make the lathe seem better than it is. 
(b) The sample is representative of product produced by the lather after inspection. 


The sample is more likely to include longer sections than shorter ones; they take more time to 
pass the inspection station. 


A systematic sample (e.g. every so many millimeters) may produce results always near the top 
or bottom of a wave, over- or understating the oxide thickness. To avoid this kind of problem, 
it is best to choose the locations to sample at random. 
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9.2. Let a, be element in ith row and jth column. Since saddle point is minimum of row and 


maximum of column 

















J l 
i ai a, ai = ay 2 Ay 2a) 2 ai 
k Ay | 4 “+ must all be equal signs 
a; = Ay = 4, =a, and both parts are proved 


9.3. If we let x=0 forn heads, x=1 at least one tail 
Only changes in risk functions are that 


R(d,, 0)=— and R(d,, @,)=1- 






























































d, d, 
dominance same as before 6, 0 1 
resulting risk functions given by O,. || Ly” 0 
f 1 
94 Rd, 0)= | e(kx- ay 140 
0 
¢| (k= 6) IIc 
0 3k 0 
_a3 gp 2 
ae (kO- Oy JOT aap 45) 
0 3k 3k 3 
k 2 Probabilit 
re y 
9.5 pir<k)= | dr=— 2 2 
0 2 DD 1- a 
6 6; 
6, 0, l fl 
k? k? 
0, 0 Cc sues pees 
6; 6; 
6, C 0 2 2 
2 2 
R(d, 6,)=C ioe , R(d, ,)= exe 
cA 0; 


kK? a 
For mimimax solution C [ — = C= k= 6,9, 
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9.6 


9.7 


9.8 


9.9 


Maximizing R(d, 0) with respect to 6 yields 
_ 2ab-n 
2(b’ —n) 


131 


Substituting this value into R(d, 0) and differentiating partially with respect to a and b yields 


a=> n and b=NVn. 


1 il 
E@)= |x dv= 5, E(6*)= [x de == 
0 0 


Substituting into R(d, ©) yields 





Bayes Risk = ——, Epa Gee? 
(n+b)?| 3 2 


Differentiating partially with respect to a and equating to 0 yields a = = Substituting a= z 


into Bayes risk and differentiating with respect to b yields b= 2. So a= 1 and d(x) = ae 


g(x)= fe’a 0=e* for x>0 
g(x)=0 elsewhere 
-6 
o(6|x) = fs ® =£ =e" for O>x 
g(x) e 


o(6|x) =0 elsewhere 


=x 


(a) g(x, 0)=A(1-6)"" x=1, 2, 3, ... 
f(x, A =O0-6)" "1-1 x=1,2, 3, ... 0<@<1 


Beta distribution with a= 2, B=x 


TQ) (x) 2 1 
T(x+2) ) x(x4+1) 





1 
e(x)= fea ~6)" 'do= 
0 


_ O-0)*" 
HOO sh 
H(6|x) =0 elsewhere 


=x(x+1O0-6)! = 0< @<1 





n+2- 
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ee ft 
(b) YY) fefacy- of 00-8)" x(x+1) do 
x=1 | 0 
1 
cf 2[d(x)- 660-0)" x4 de 
0 
1 
2ex(x+1)[[d(x)- 60d -8)*"'d0=0 
i 1 
d(x) | 00-@)"'d0 = fe ~0y""d0 
0 
ees 1 TOTO) _ 2(x+1)! _ 2 
x(xt1) T(xt+3) (x42)! (x+2)(x + Dx 
pi 
d(x) = 
“ x+2 
9.10 expand wait 
Good times —164,000 —80,000 0.4 4/11 
Recession 40,000 —8,000 0.6 TALL 
(a) E=(0.4)(—164,000) + (0.6)(40,000) = —41,600 
E = (0.4)(—80, 000) + (0.6)(—8, 000) = —36,800 
Manufacturer should expand now. 
4 7 
(b) E= ret + rh uacaiae, = —34,182 
4 
E= ie, + Tide ke = —34,182 
Does not matter. 
9.11 (a) expand wait 
Good times —200, 000 —80,000 1/3 
Recession 40,000 —8,000 2/3 














E= 5 (-200,000) + : (40,000) = —40,000 


E= + (-80,000) + : (—8,000) = —32,000 


Manufacturer should expand now. Decision reversed. 
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(b) expand wait 
good times —164,000 —80,000 2/5 
recession 60,000 —8,000 3/5 














E = =(-164,000) + =(60,000) = -29, 600 


E- =(-80,000) + =(-8,000) = —36,800 


Manufacturer should expand now. Decision reversed. 











9.12 Reservation at 
x Y (a) (b) 
x 65 68.40 3/4 5/6 
Y 72 62.40 1/4 1/6 














3 1 
(a) EC= 7°) + rie = 67.50 


EC= (68.40) + =(62.40) =66.90 Make reservation at Hotel Y. 
5 1 
(b) EC= 5) + rie =67 


EC= 2.(68.40) + (62.40) =67.40 Make reservation at Hotel x 








9.13 go to 
27 27 33 (a) (b) (c) 
should go to 27 45 1/6 1/3 1/4 
33 39 33 5/6 2/3 3/4 














1 5 
(a) ED= Pace + 60°” =37 











ED= 545) + >(33) =35 Should go to site 33 miles from lumberyard. 
1 2 
(b) ED= 5 (27) + ; (39) =35 
ED= ! (45) + 2 (33) = 37 Should go to site 27 miles from lumberyard. 
3 3 
(c) ED= =(27) + ; (39) = 36 Does not matter. 
ED= + (45) + 3.33) = 36 
4 4 


9.14 (a)  Ifhe goes to x worst cost is 72.00; if he goes to Y worst cost is 68.40. Worst cost is 
minimized if he chooses Y. 
(b) If he goes to (27) worst distance is 39; if he goes to (33) worst distance is 45; worst 
distance is least if he goes to site 27 miles from lumberyard. 
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9.15 


9.16 


9.17 


9.18 


9.19 


9.20 


(a) 


(b) 


(c) 


(a) 


(b) 


(a) 


(b) 


Mathematical Statistics, 8E 


If he expands now, maximum gain is 164,000; if he waits maximum gain is 80,000. 
Maximum gain is maximized if he expands now. 


If she chooses x, minimum cost is 66; if she chooses Y minimum cost is 62.40; minimum 
cost is minimized if she chooses Y. 


If he goes to (27), minimum distance is 27; if he goes to (33) minimum distance is 33; 
minimum distance is minimized if he goes to site 27 miles from lumberyard. 


opportunity losses are 





0 84,000 














48,000 0 





Maximum opportunity losses are 48,000 and 84,000; these are minimized if he expands 
now. 


opportunity losses are 





0 2.40 Maximum opportunity losses are 9.60 and 2.40; they are 














9.60 0 minimized if she chooses Hotel Y. 





opportunity losses are 





0 18 Maximum opportunity losses are 6 and 18; they are 








6 0 minimized if he chooses to go to site 27 miles from 


lumberyard. 











Expected losses with perfect information = 5 (-164,000) + : (—8,000) = —60,000 


60,000 exceeds 28,000 and 32,000 by more than 15,000 — 
Hiring the forecaster is worthwhile. 


(a) 
(b) 
(c) 


(d) 


(a) 


(b) 


Cross out first row, cross out second column, optimum strategies I and 2; value = 5 
Cross out first column, cross out second row, optimum strategies II and 1; value = 11 
Cross out third column, cross out second row, cross out second column, cross out third 
row, optimum strategies I and 1; value = —-5. 

Cross out third column, cross out third row, cross out second column, cross out first row, 
optimum strategies I and 2; value = 8. 


Mimima of rows are —2, 0, —4; only second is largest of its column. Saddle point 
corresponds to I and 2; value = 0. 


Mimima of rows are 2, 3, 5, and 5; first two are not maxima of their columns; others are. 
Saddle point corresponds to I and 3; I and 4, III and 3, HI and 4; value = 5 in each case. 
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9.21 (a) 


(b) 


9.22 


9.23 


no 
knives 
knives 











no glasses glasses 
0 —6 
8 3 











Minimum of second row is maximum of second column — saddle point. Optimum 


strategies are for Station A to give away glasses and Station B to give away knives. 


























8 —5 8p+2(1- p)=-5p+6(U- p) 
2 6 8p+2-2p=—-S5p+6-6p 
4 
17p=4 =— 
Pp Pp 7 
4 1 
probabilities are —— and = 
17 17 
x 1-x 
3 —4 
—3 1 


(b) 


9.24 














3x-40- x) =-3x+(1- x) 


11lx=5 


probabilities are 7 and — 


6 
11 


3y-30- y)=-4y+d- y) 











lly-4 probabilities are ae and = 
11 11 
4 
peas ae 
11 11 11 
x Lax 
66 68.40 66x + 68.40(1 — x) = 72x + 62.40(1— x) 
72 62.40 6(1- x) =6x l-x=x x=5 














probabilities are " and “ 
2 2 
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9.25 enemy attacks 
y 2 1-y 10 
= 12 9 12x+100-x)=2x+12(1- x) 
country 2 
defends = 
oe 10 12 12x =2 “ee 
10 6 














for defends z and = 
6 6 


12y+2(1- y)=10y +12(1- y) 


























5 5 1 
12y=10 =— for enemy — and — 
y "6 Ce 6 
. 5 1 1 ais 
value is 12-—+2-—=10— which is $10,333,333 
6 6 3 
9.26 (a) first person 
1 4 
second 0 -1 2 
3 2 -7 
(b) -x+2d-—x)=2x-70-x) 
12x=9 x= 2 2 and ul 
4 
() -yt+20-y)=2y-70-y) 
3 3 1 
12y=9 =— — and — 
. ? 4 4 4 
9,27 first 
lowers not 
seed lowers $80 $70 
not $140 $100 














(a) Minima are $80 and $70. Maximized if he lowers prices. 
(b) They might lower prices on alternate days. 














140+ 70 = 105 
9.28 (a) 0 1/2 1 
0 0 50 100 
1/2 50 0 50 
100 50 0 

















(b) d,(0)=0, d,(1) =0; d,(0) =0, d,(1) = > d,(0)=0, d,(1)=1; 
1 1 1 1 
BAO MM eG 1 sy ol) is 


1 
d,(0)=1, d,(1) =0; d,(0) =1, sae d,(0)=1, dyd) =1 
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(c) 


(d) 


9.29 (a) 


(b) 


(c) 
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The risk functions are 
d, d, d, d, ds d, d, d. dy 
0 0 0 0 50 50 50 100 100 100 
1/2 50 25 50 25 0 25 50 25 50 
1 100 50 0 100 50 0 100 50 0 











d,, d,, d,, and d, are eliminated by dominances; only d,, d,, d;, d, are admissible and 


by inspection the maximum is 50 in each case. Accordingly by minimax criterion they 





























area all equally good. 
1 1 1 
Bayes risks are d, 0: 5 +25: 5 +50-—=25 
d, 0: #50 fee S16- 
3 3 3 3 
ds 50: eae s0 = 93 
S 3 3 3 
de 50-4425-440.4=25 
3 3 3 
Bayes risk is minimum for d,. 
1/4 1/2 
1/4 0 160 
1/2 160 0 
1 1 1 1 1 1 
d(0)= 7, d= 73 4(2)=7, d,(0) = 75 da) = 7, dyQ)= 55 
1 1 i 1 1 1 
d,(0)=—, d,(1)=—; d,(2) =, d,(0)=—-; d,D=—, dy(2)==; 
OR ie 3Q)= 7 sO) =F ar a) s 
1 1 1 1 if 1 
d5(0)=—, d;(l)=—; d,(2)=—, d,(0) ==; dg, =-, d,(2) ==; 
ss Weg Car hors (=F (Q=s 
1 1 1 1 1 i 
d,(0)=—, d,)=—; d,(2)=—, d,(0)=—; d(D=—, d,(2) = — 
iO", La ae NOs s(0)=— aes ser 
The risk functions are 
d, d, d, d, ds d, d, d. 
1/4 0 10 60 70 60 100 150 160 
1/2 160 120 80 40 120 80 40 0 

















probabilities for  0@= : are z ; 8 ‘ ; 
4 16 16 16 

Q= 1 7 iL a 1 

Z 4 2 4 


d, is dominated by d,, d, is dominated by d,, d; is dominated by d, and d,. 
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(d) The maxima corresponds to d,, d,, d,, d,, and d, are 160, 120, 80, 70, and 160. So the 
minimax criterion yields d,. 
160 140 200 180 320 


(e) The five Bayes risks are ; ; , , so that d, is best. 
3 3 3 3 3 






































9.30 (a) no inspection inspect 1 inspect 2 
0 0 B 2B 
repeat 1 a+2B+o S+2p+0 2B+¢ 
2 a+2B+2¢ 2B+20 2B+2¢0 
(b) 0 B 2B 
35+28 22.50+28 10+28 
45+2f 20+28 20+28 
maxima 
45+2f 22.50+28 20+28 should inspect both 
T 
min 
(c) 0 12 24 
64 59 54 
94 84 85 











Bayes risks are 0(0.70) + 64(0.20) + 94(0.10) = 22.2 <— 
12(0.70) +59(0.20) + 84(0.10) = 28.6 
24(0.70) + 54(0.20) + 84(0.10) = 36.0 


Minimized if shipped without inspection 


9.31 6(0) = R(d,,0) — R(d,,) = (1,0006- 2,000)[B(1;10, 8) — B(0;10,4)] 
As in the example, the first term always negative, and the second term is always positive; thus, 
0(@) is always negative. As before, d, dominates d, and it is preferred. 


9.32 6(0) =(C,,-nO—C,)[B(2;n, 0) — BU3n;6)]. 
Since the second term of this product is always positive, d, will dominate d, when the first 
term is positive, that is, when C,n@>C,, as long as there is a value of @< 1 that satisfies this 





inequality. Thus, strategy 2 will be preferable to strategy 1 whenever “4 <O<1 


ne,, 


10.1 E| Ya;x, | = SY a,E (x) = Sau = Hy a, 


1 


a. 


i 
i=l 


10.2 E[k,6,+k,0,)=k,O+k,0=0, k,+k,=1 
J FO) ts 109) fren ts 
a 


(2m +1)! 


m! m! 


10.3 h(x)= 





& 


| a f 
| @-(1/2) 
[x-0+5] [os = 
2 2 
Tae ee M32 
nay =o § 0+5|(o+3 | 


0+(1/2) ( 
1 


E(®)=6 | 
letu= x-O0+— 
2 


6-(1/2) 
f 1 

6f uo har wr -6 
0 


W(X) = seo [1 _ eo] 


0+(1/2) 


J 


& 


(2m +1)! 


m! m! 





h(x) = 





_ m+)! 


m!m! 


x 





x 


4=O0+— 
2 


10.4 


co 


6 [a ere er? di 


.. biased 
6 


Use gamma integrals. 
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m 


140 


10.5 


10.6 


10.7 


10.8 


10.9 


E(x)= — var(x)= 


ER) = 4 > wana 
n 

















Fo cen em 7 | eee CY ee bc 
n+2 n+2 n+2 n+2 n+2 


E — @ when n— -, so is asymptotically unbiased 


n-1 
g(y Jane fer a 


yy 
= er e @W2-8) 


=n en) 


E(y,)= n| ye 4 dy, letu=y,-06 
6 
i -u g, 3 
=nf (u+d)e du=—+06 


0 n 


: 1 
The unbiased estimate is Y, — — E(¥,) > dasn> 
n 


1 B 1 n-1 
oan Fy a =—(p- he 
VM 


B 
B0R)= 2 (By ga. yee 
pos B B 
b ft 1 B 
pace - n-l = x. a= eiende.! 
= | Pub Bu)""B du nf ul wy tdu= 


Unbiased estimate is (n +1)Y, 


10.10 eS |-28 e(3) 


j=) 


i= 
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10.11 g]m-2(1-2) |= B1)-2 20 
n n 


n 
= no- + n64l —6)+ n'@ | 
n 
=(n—-1)01—6)#n@1—6) __ biased 


-1 
10.12 (a) n-—1 values before y, in a 7 ways. 
Wee 





yet 
n-1 n 





k k 
Vy, n (k+1 
b E Y = . = = 
Oe ee ey k k ey k an 
n n n 
= abs _ see Exercise 1.15 or Theorem 1.11, respectively 
n+ 








[tty -1]-22t ED 1 QED 
n n n+1 


10.13 E(@’) = var(6) + E(6)° = var(6)+ 0° 
E(@’) > @° since var(8) >0 


10.14 f(x;6)=0"(1- 6)" * E(x) =6 E(x’) =6 
In f (x;0) = x1In8+ (1- x)In(1- 6) 
dln f(x5@) _ x 1-x_ x-@6 


00 6 1-0 Al-6) 
RD 
ee | a oa 











00 ~ & (1-6) ~ 1-6) 








J = ate) = var [=] when x is binomial random variable. 


n-E n u 
Xe va) casted : . 
.. — 1S minimum variance estimator 
n 
x nO 
E| —|=—=@ 
n n 


*. unbiased 
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fra? 


10.15 f(x;A)= 
x! 





Maar o=A wane” 
n 


E(x)=A— unbiased 
Inf =xIndA-A-Inx! 


2 
dinf x _, (24) BP -Bevoet 








a A A 2 
AAD 2 1 
Saag = 
eo 
a) _ 
neta 


... Xx 1S minimum variance unbiased estimator 


10.16 var(@,) = 3 var(O,) 
E(a6, +a,0,) =a,0+a,0=0—>4,+a,=1 
vara var(6, ) +a; var(6,) 
var = 3a; var(8,) + a; var(8,) = (3a; + a5) var(8,) 


= [3a; +(1- a,) | var(8, ) 
7 = 6a, +2(1-a,)(-1) 

















a, 
1 3 
=8a,-2=0 ae oer 
10.17 fas6)= 20" E(x)=@ E(x’) =20 CH= 
2 
E(x)=@— unbiased  var(x) = — 
n 
x 
In f =-In@-— 
f 0 
ain jf. = id x _x-0 
00 0° @& 
dinf\)| 1 ra | 
E =— E(x- 0) -—> 
(ay Berney 
1 @& _ sh ey Sesh ; 
— =—=var(x) .. xX is minimum variance unbiased estimator 
nE n 
n 2 np np 
10.18 E(Y,) =——B, E(Y, y= , var(Y,,) = ————_. 
n+1 n+2 (n+2)(n+1) 
ips 
n 
eye: a -B= BR unbiased 


n+l 
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2 2 2 
eee (n = np _ B 
n (n+2)(n+1)° n(n+2) 





ee te ee 
nE| ons (X) en ee Toy 
aB & 


so the Cramér-Rao inequality is not satisfied. 


din f(x) 1 af (x) of (x) _ dln f(x) 
00 ~—s f(x) :~«0@ 00 00 
_ fp oln f(x) 
‘J 006 
0° In f(x) dln f(x) dln f(x) 
ag 1 * 36 00 


O° In f (x) _ ¢[ dln f(x) 
REM. separ {| RL ] F(x)dx 


«(ey ie | msn) 


dln f(x) 1 

Ey ed 
dInf(x)_ 1 
weottC 

1 1 o 

on 


10.21 (a) Elwx,+(1-w) x, ]=wut(l-w)u= mW 


*f@) 











10.19 (a) 





- f(x)dx =0 


f(x) 





(b) 











10.20 





(2 = 4) from Example 10.5 
Oo 





(b) — var[wx, +(1— w)x,]= wha (1 wy 
n n 


ues — owl 4 201- wy) 22 = 0 
d n n 





Ww 
o+02)=03 nes 
al a 
10.22 er eer sine, eee 
n n 
ees Ne ira: Oxi eeiie, 
2 4n 4n An 
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g+o;) n \otoz) n 
_ O05 o> be O; - G6; 
n [(orte2) (o+o3) | mor +en) 
O03 


Mn+y oo; 4n 














efficiency = = : 
Grey Oe) Ore, 
4n 
__ 40107 
(O7 +03)" 
sees aye 
ny, Ny 
4 _2wo?_2U-we_, 
dw nN, n, 
w l-w ny 
Lae ne 
ny Ny n+n, 
10.24 For w=+ oO Oe cee Ml 
2 4n 4n, 4\n, n, 








2 2 
2 
For w= ! var = 1 + 2 
n, +n, ntn,) n |n, tn] n, 








= ——,, (n, +n, ) = ——— 
Gane 2) ny +n, 
o 
om ny +n, 4n,n, 
Efficiency = = : 
efi, 1) jtm) 
4\n ny 


10.25 var( 2B te +0 to = =o" var(X) = x 


4 16 


Efficiency = = 
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Ce 
10.26 w=0and 0 = var(¥) = — 
From Ex. 8.4 20) = ; ge for y, >0 


var(Y,) = (é E(2Y,)=@ unbiased 


2 2 2 
varty)=($) ae var(2h,)=4-= 


pe 
Efficiency = “ é = 





1 
a >o 


ny 
10.27 ¢,(y,)=—yY,, 1 








& 
EW) = Fp J Yn, 0<y,<B 
_n BO _ pa 
Bo ntl ntl 


n | ia 
Bo ont+2 nt+2 





B 
n n+l 
EW) == | yn""dy, = 
Bs 





Or im li 
""— nt2 (n+1)° (n+2)(n+1)? 
np 

- (n+2)(n+1)° 

ntl 





Z=Y, 


. Bg)= "thE .g unbiased 
n+ ty. np - B OED 
(n+2)(n+ly n(n+2) 


n 





var(Z) = 


n 


7 ee eee! 
10.28 Y=x-1 ~ var(Y)= var(x) =—-=— 
non 


1 _anly,— 
a &\(y,) =ne Dice 
1 
EY) =—+6 
n 
E(¥,) =n yer Ody, u=y,-0 
5 


i 2.9 
= n| (u+dy'e™du = Eee eg? 
n 
0 


n 
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2 
vary) = 4724.6" -(++6) -4 
n 
i. 
n 


I 
n 


var(Z) [ 
var(Y ) 





efficiency = 


10.29 Continue from made 10.12 


E[y,(Y, +)]= eee im my ae 
eo iia 


= aes Exerxise 1.15 or >i} ie 
*) n+2 n+1 





=n 


n 
_ mk +1(k +2) 
7 n+2 

ate _ E(¥?)- EY, 





var(Y,,) = 


nt+2 n+l (n+1)° 


_ mktIk+2) (kt) n’(k +1)? 





(k+ KG: +2)(nt1)? —(n4+1)(n+2)—(k+)n(n+ 2) | 





n(n+2) 
_ (k+1)(k-n) 
7 n(n+2) 
2 
Boye Eye ee ak -1 
2 6 12 


for population 








E(2x-1) =2E(x)-1= 2 1=k unbiased 
var(¢) = aD Kon _ (k+k=n) 
12n k-1 12n 
k+Ik=n) 
at SUEDE RN) ee WOW) 3 
var(2x a , efficiency = (Anh ss 


3n 


(a) efficiency = - : (b) efficiency = 2 


Chapter 10 147 


1 


1 
10.30 (a) E(ay= fxax=s, E(x*)= [x de=>, var(x)= 5-2-5 
0 


12 
0 
= 1/12 1 
var(x ) = —— = — 
(X) oe 
(b)  9,(y,) =30-y,)” O0<y,<l 
83(y3) = 3y3 0<y;<l 


f(y, ¥3) = 6Cy3 - y)) O0<y,<y3<1 


1 
1 
EY) =3] ¥-y)°dy, = 7 


0 


1 
1 
EH) =3] yy," d = 
0 


1 1 

3 3 

E(¥;)= 3] Y3 dy; = a E(Y;) = 3] y3 dy, = 5 
0 0 


1 y3 





1 
EHY,) =] [ yiys03 —¥) dy, dy, =— 
00 ) 
i pel, 3 9 3 
var(Y,) =—--—-=—, var(Y,)=—-—=— 
1) 10 16 80 (fs) 5 16 80 
a oe 
cov(Y,, Y,) =—-—-=— 
1%) 5 16 80 
(ec) E ole ld ie 2 sunbed 
2 2\4 4) 2 





[AS4) 1338p 25 “3a. Bs de od 
var SS SS tae 
y) 4 80 4 80 2 80 40 


Since = is less than = midrange here is more efficient than the mean. 


10.31 E(6) = 0+(6) 
E| (6- 0)" | = E(@)-20E(6) + @ = E(6) -26[0+b(0)|+& 
=E(@)— & —26b(8) 
var(6) = E(@)-[0+b(@)| = E(@)- & —26b(8) -[b()] 
= E| (6-6) |-[bO) 
-. E| @- 0)" |= var(@) -[bO)] 
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A-9)_ 1 


10.32 var(@,) = 
n 4n 
E(4,) = a for 0= ; E(6,) - ; — unbiased 


nOl-@) _ n 
(nt2) 9 4(n+2)° 





variance(6, ) = = mean square error 


n 1 4 2 
a <— <(n+2 
Oy” Teco aa Cb ae 
for all values of n 
1 1 
(b) —<—, 4n<36,n<9 
36 4n 
1033.52 Trond ite FSI a<x<atl 
peer OU ee ee : sue 0 elsewhere 
Sei fora<y,<atl 
~ 1 


0 elsewhere 


at+c 
P(¥,-a|<c)= | n(atl—y,)”" dy, 
a 
=1"-(1-c)" > 1 whenn— ~ withc fixed. QED 
atl 


10.34 E(@+1-¥,)=n | (@+1-y,)"dy = — 
n 
a 


atl 
E(a@+1-Y,) =n | (a@t1—y)""dy = 
n+2 


a 





E(Y,)=a+1-——=at 
n+2 n+1 


( - aa =a — unbiased 
n+l 








2 
var(a@+1—Y,)= a -( x = —__*___. 
(n+2) \n+tl (n+2)(n+1) 
var(}-— =" 50 as n> QED 
n+l (n+2)(n+1) 
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10.35 ¢,(y,)= 7 er? 0<y,<B 


r 
¥,-A<e)= = yn WY, = FF -(6-0')| 
pec 


-1-(F) 51 
B 


when n— ce with c fixed. 


P( 








10.36 x is consistent estimate of the mean of any population with a finite variance. Since @ is the 


mean and o° = @ if follows that X is consistent estimate of @. 


10.37 For any single observation and for c= 6, P(X = 6| <0)=1-e°"" =e” does not converge to 


0, so X,, is not consistent for 0. 





20 
10.38 Shown is (a) of 10.21 that it is unbiased. From 10.22 variance is 0102 ee 0 
n (o +05 ) 
So it is consistent by Theorem 10.3. 
10.39 var( 2) a 6 ees ae ee 
n+2 (n+2) (n+2) 


asymptotically unbiased 





Aor My. od _ n0l-@) 
var iF 4D? var(x) 2 


_ O-8) 


n 


>O0asnao QED 


n 


10.40 E(Y,)= 
n+l 


From Example 10.6 (see Exercise 10.27) 
& & 


var(Y,,) = oe = ———\_— > 0asno 
n+l n(n+2) (n+1)(n+2) 


consistent by Theorem 10.3 





Bo Basn-oo .. asymptotically unbiased 








n 





10.41 (a) P(|x-u)<c) — P(lx—u)<c)++P(n?-a|<e) 1+0=1 
n n 








since X is known to be consistent and fied > 1 
n 
(b) Let estimate be x 
+1 1 +1 
E(x) = p-——4 nr? -—= +nNF Ul 
n n n 


not unbiased and not asymptotically unbiased. 
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Iw 


1 | gm “| 1 a 
10.42 X1,Xo,...,X,) =e i=l _ oe Manx 
f( 19“2 ) a = 


So 
8(0,0) 


Since the joint density depends only on @ and xX, X is a sufficient estimator of 0. 


10.43 fF Gsm) = ("Jers a Qy itt) 
Xx Xx 


2 





= 
ny, +n, 
: nN, \{ Ny ort72)9.(4 — Qyrrtm 8) 
Se 6,0 
(5) (0,0) 


.. by theorem, estimator is sufficient. 
10.44 Try x,=0 and x, =1 
2\(2 3 ‘ 
fO,) = ollt A1- 6) =2001- 8) 


x,=0 x,=1 
yee Die eoebiiies 
n+2n, 6 3 x,=2 x,=0 


.. by theorem, estimator is sufficient. 


f (2,0) = Blas -~0 =@ (1-6) 


Ve 








| > 201-6) _ 20-8) 
3) 200-6) +@(1-6)° 2(1+6)+0 
= eo not independent of 0 
2-0 
.. Ynot sufficient 


f [ou 


1 ny 
10.45 f(x,,...x%,)=— g(y,)=—y"" 











& & 
a 
f (%,..-%, |¥,) = _ faye = independent of 2 
oe a * . sufficient 
& 
Xy+X. 2A 
1h 2. + 
10.46 f(x,.x))= z qocies 
x,! x5! 2 
At -A 1 
x,!x,! 


“ satisfies Theorem 10.3 
BRA) ix) “. sufficient 
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10.47 Try x, =0, x, =1x,=0, Y=2 
The only possibility is x, =1, x, =0, x, =1 
f (0,1,0) = 0-0)” 
f(1,0,1) = (1-6) 
O(1- 0)” e 
O(1- 6) + (1-8) 
not independent of 6— not sufficient 


Ff (0,1,0 





Y=2)= 


10.48 f(x)=00-6)*" 
SF (%,..-%,) = e"(1- oyu = a" (1- ey 


Depends only on @ and x — sufficient 
1 7 xu) 1 ; 
10.49 f(x,...x,) =e COD ety Ne ee Se De 
(22)"""o" (22)""o" 
Depends only on o° and G° — sufficient. 


10.50 f=mi, w+o0° =m; 
6° = mi — (mi) 


10.51 m/==0 O=m"' 


10.52 w=", B=2m/ 





2° 
10.53 “=A A=m 
a a / # Fd 
10.54 B=1 eS aa mi a=am, +m, 
a-m{)=m/, @=—" 
l-m, 


eo 


, 0=3m"i 
3 


o 
p) 
10.55 y= g]e- x)dx = 
0 
10.56 “w= z [xe OE ae = “fu + de "du = 0+ 6 
0 6 0 0 
Uu=x-O 
Ms = a fem Pas = Ale +6) "du = 20 +2504 © 
6 0 


m, = 0+ 0, m, = 20° +260+ 5 =0 +(0+6) =O +(m) 


6=/m,—(m/y and b— ml = s)mi - (mt? 
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a+B , 1 2. 1 2 , 
10.57 <= —(B- a) +=(at By = 
5 mM me ) ra By =m, 


1 
mi, = 5 be +(m{)y (B- a) =12[m} - (my ] 


B- a=2,)3[m} -(m{)] 


B+a=2m, 
add = B=m/4/3[m! —(m/)"] 
subtract @ = mj —4/3[m; - (mi) 


= ny O+n,-l+n,-2+n,-3 

















10.58 w= 38 mi 7 = 30 
aa™ + 2n, +3n, 
3N 
yx —na 
10.59 L(A)=2 — InL(A) =(¥) x)= (Ind) nA In x;! 
x;! 
da A 
A= 2 =¥ 
n 
10:60. bess a 
T(@r() 
L(a) = a" (T1x,)*" In L(@) =nIn(n) +(@-1) nx, 
dinL(a) on 
ee ee Inx. 
- = » nX, 
=I 
a n 
yin Xx; 
i=l 
10.61 ee ae ee =2 
PO)= parva . 
= # -x/B 
1 -(UB)y\ x 1 
LB) = (Ix, )e InL(§)=—2ninfi+inT1x,— 7D 
dinL(B) -2n 1 
7 = B + B Dye: =0 


Chapter 10 153 





1 - a 2 1 -(120) SY (x)? 
10.62 f(x) =—e Wwe) L(o) = e | 
£@) V210 A?) (27)" 0" 


1 
InL(o) = ~ 5 In2a—nino- > S\r- 


dink(o)__ "@ 1 yy_ pe 
do ele ie 


10.63 (a) =—=m/ an 


(by) g(x)= 00-8)" LI) =6"1-92"" 
In L(O) = nin+(}\x—n)In(- 0) 











dinL(@)_n esse. S ae ms 
do = +(d> 5) y ae: 
10.64 f(x) =2axe**" L(a) =2" a (I1x,)e 12") 
In L(@) =nIn2+nIna@+In[1x,- a(x") 
InL(@) _n | Bs ~_ 
ae e yx 0 a 


a 
10.65 f()=— L(a)= Tin) 


In L(a) = nina —-(a+1)In(I1x,) 


10.66 f@y=ser 
1 -(10) 9) (x-6) 
L(0, 0) =—e 
(8,0)= =, 


Maximized with respect to 6 let 5 be y, (smallest sample value) 


Nn 


o=y, 
In (8,8) =-nln6-2 9 (x8) 








dinL(0,6)_ on, 1 eS nk a 
=- S(x- 6= 6 6=x- 
a0 er me n ie 
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1 1 
10.67 =—— 
f(x) B-a L(ar, B) = Goa" 


To maximize @ = y,, and B= y, 


10.68 L=[(1—- 6)*]°[300 — 6) |" [36° (1 — 6) |? [A] 
= 3ntM Qin t2My +33 d Q)3rot 2m tM 
InL=(n, +n, )In3+(n, + 2n, + 3n,)In@+ 3ny +2n, +n, )Ind—- 6) 
dL _t% +2n,+3n; 3m) +2n, +n, 
do 0 1-0 
(n, +2n, + 3n,)(1— 8) = (3ny + 2n, +1,)0 
A(3n, + 3n, + 3n, +3n;) =n, +2n, +3n, 
= + 2n, +3n, 
3N 





10.69 f(x)= ae xo tert? 


1 a-l -(/B)> x; 
L ———————— : 
©) LA= Fare lx) ¢ 


In L(B) = —nain B-nInV(a@) +(@—-1)InII x, “4s 


dinL(B) _-na 1 4 Dut _ 
dB = iB +e ee na a 
(22-1) 
(b) T=| —-1 
a 


-2n _ ee gi 5 bf axe 
10.70 L(a, B) =(V2z) Z (1/2) }\ [v-(a+B)P-(/2) Hlw-(a-B)} 


In L(@, B) = k->Sv- (a+ P)] P-5Dbw- (a- BP 
we 





Fo Dae a+ B+ Yow (a B= 
oe coor 


a 





rae a (a+ B)|- ¥ w-(a- fy =0 





ee pe 


2 
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10.71 Vn,uwo 
W ny fl, o 


L= 1 oo U2P IL =H) U207) Yr iy 


| 2m) +Ny oni 


1 1 

InL=k-(n, +n,)no- > DV My — 555 Daw tay” 
olnL 1 x 
—— = + -2V' (v-,) =0 =v 
OLL, IS xe Lh) LM v 


dlnL 1 
Op, oe Yow Hy) fh =Ww 


OL ntn, 


SS [Dr- + Dw) ] 
x2 DAv-IY + Dw wy 


n +n, 








10.72 Any value 6 will do so long as 
6- 


— 


~ I 
—< and <O0+— 
9 Y, Yn 2 


1 1 
10.73 (a Itisif Y -—<-(¥,+Y)<Y,+- 
(a) n 2 me ) 1 2 


make use of |Y, SY, $Y, +1 


ef +Y¥,)S ae +Y,+1=Y, + 
ef +Y,)2 5 Ge at Mteeed ? ts E both conditions are satisfied 


(b) Suppose Y, =Y,+1 letn=2 
1 1 2 1 
—(Y,+2Y,)=-GY,+2)=¥,+-£Y,+=— 
av 2) 3! i+2)=¥, g7 25 


not max likelihood estimate 
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10.74 E(6|x)=——* 42] 


at+Btn ron 
p=a-a)| 9058 ort p= 220—%) _ | 
% 


xX n a 
E(@\x) =—: + 
(lx) n at+B+n at+Ptn 


(1-4) 
Qy| 2-1 
oe 


= ° + 
n Q®1-%) _1,, %A-4) 


to) 0 


where @=@) 








-ltn 


‘: n 
ae aa) Seo aa, 


0 


jenna? 40 21 2 0-40 1 
a a+B 40+40 2 807-81 324 | / 
oO 





wd 72 1 
18 


mature paso gtet Se 1 
Distribution is symmetrical about x = 


The function as well as its derivatives are 0 at x =O and 1, and 
with k = 3 in Chebyshev's Theorem 

















2 of area under curve falls between 4 + ae and z 
9 2 6 3 3 
10.76 =X O 4 =xw+U,(1-w 
He eg age 
no, n 
= = ED 
. no, +o o ° 
o 
x -A 
10.77 f(x\ay=4 = 
() pana HEI gpa 
: x! B°T (a) 
x)= Merda amma distribution with w= x+1l and B=1 
=F era vara g B 
a-1 -B a-1,-Byy a-1-B 
xe Rois Cre! aie oe 


~ XBT (a). XBT (a) BE (a) 


Chapter 10 


(b) 


Axtel g - AUH/B)) 








x,A)= 
Ie x!B°T(a@) 
1 fasted -A BH VB 
s(=—a | ae 
x! B°T (a) J 
gamma distribution with x+@ and ae 
Br 
X+Q 
ra ) T(x+q@) 
g(x) = 
x! B°T(a@) 
glx) 2 Axel oA BIB x! B°T (a) 
x! B°T(@) B ig 
——— T(x+q@) 
B+ 
= a ee Ate le MADIB 
x+a : 
(4) T(x + Qa) 
gamma distribution with parameters 
x+a and aie 
Bri 


E(A|x) = sag) from Theorem 6.3 
Bt 


10.78 29 (97.6) + 30 (38.1) = 34.6 
75 75 


10.79 » (26.0) + 4 (3255) =28 
13 13 


10.80 + -210-1= 279 








=5 r x-*¥ 2 
10.81 @=<——; yi ~ ) 
Yi(x- x) nx 
Py eee pameay: 
m —(m,) m, 
Six = 86.4 and SY x? = 756.52 
mi = eae ee m, = 198.52 _ 63.0433 
2 12 
2 
oo (7.2) at 51.84 Aes 
63.0433-(7.2)? 63.0433-51.84 
= 2: 
pe 63.0433-(7.2)" _ se 


had 
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10.82 6=m/ Yix= 201,000 6= — = 40,200 miles 


ue ; ‘| 
wees 1 3 
10.83 The likelihoods are ~~~—-——> 


() 


N Likelihood N _ Likelihood 


[) ‘| All 
1)\3 ; 1)\3 : 
ee so220 = (0.4762 i = D2) 2 3°84 4 5904 
12 495 
4 
3) ve 
1)\3 ; 1}\ 3 . 
10’. <6 3°35 _ 9.5000 13 pele) = 0.5035 
"] 210 ") 7S 
4 








e = = 0.4945 
ie 330 14 1001 
4 4 
Likelihood greatest for N =11 or N =12 
10.84 6=3m, Sx =0.39 mia 20.065 pas 222 26,195 
6 6 
10.85 }'x=5524, Sx" = 2,570,176 n= 12 
mi = 460.3333 mi, = 214,181.3333 
6 = ,/214,181.3333—211,906.7471 = 47.69 
5 = 460.3333-47.69 = 412.64 
10.86 d= y, = 403 6 = 460.33 — 403 = 57.33 
10.87 n=8 Six=63.1 Six? = 541.55 nea 22” 9 gays 
8 
mi, = oH? _ 67,69375 








& = 7.8875 — .[3(67.69375 — 62.2126) 
= 7.8875 — 4.0550 = 3.83 
B=7.8875 + 4.0550 = 11.9427 = 11.95 


Chapter 10 


10.88 &=4.1 and B=11.5 


An 











a= y, B=y, 
1089 gat = (0.4343) log, x = 4.37840 
Yinx, Slog x n=15 4.33244 
4.42160 
~ — 15(0.4343 
a= eee = 0.098 4.39445 
4.52634 
4.38917 
4.46538 
4.55871 
4.35025 
4.33244 
4.45179 
4.42813 
4.49693 
4.35603 
4.36361 
66.24567 
10.90 n= 3 N=20 ny =11 n=7 n, =2 
a= deed ot 340). 1A, 
3-20 60 
10.91 1, 3,5, 1,2, 1,3, 7, 2, 4, 4, 8, 1,3, 6,5, 2, 1,6, 2 
Six = 67 F222 080 
67 
10.92 }'v =107.4 Yi v? = 116,108 n, = 10 
Si w= 674 Siw? = 76,246 =6 
~ _ 1074 . _ 674 
=—— =1074 =—— =112.3 
My 10 My 6 
ge _ 116,108 -115,347.6 + 76,246 -75,712.7 _ 1,293.7 _ on 9¢ 
16 16 
10.93n=100 6 =0.20 Oy = 0.04 x= 38 


38 
E(6\38) = —w+0.200 - 
(9/38) ra (l-w) 





100 100 
= = = 0.5025 
" (0.2)(0.8) 99 +100 
994 
(0.04) 


E(0)38) = 0.38(0.5025) + 0.20(0.4975) = 0.29 


n, =0 
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160 





10.94 6, =0.74 0, = 0.03 n= 30 x=18 
(a) 6=0.74 
by. Bete 06 
n 30 

30 30 30 
c = = = = 0.1236 
Oe), WTHO26) ~ 2942138 2428 

(0.03) 


6 = (0.1236)(0.60) + (0.8764)(0.74) = 0.72 














10.95 “,=715 6,=9.5 z= — = -0,32 
JT 134 
9.5 
p = 0.1255+0.3531 = 0.4786 
10.96 )=65.2 o)=15 z= —S= =-1.47 
OB 05.2) i oe 
1.5 
(a) p= 0.4292 + 0.4693 = 0.8985 
4 4 
(b) wt ses =) 62, = (0.62)72.9 + (0.38)65.2 
ort. 94.34 ae 
Bee ki 
ae at + an = 0.730 +0.444 = 1.174 o; =0.92 
o 74 15 
_ 63-70 
0.92 
gates 
0.92 


p = 9.5000 — 0.4854 = 0.0146 





10.97 (a) = oB=50-2=100 
(b) f=x=112 
ee 2(504+112 
() fi=m=- =~ 108 
10.98 n= 





ae 2.575-4.2 
Ee 0.5 
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2 
= 467.9. Rounding up to the next integer, n = 468. 
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eee 9.0; yes. 


10.99 z= 
ol/Nn 1 








10.100 The sample is more likely to include longer sections than shorter ones; They take more time to 
pass the inspection station. 


10.101 Heads of households may tend to have somewhat different political opinions than other 
members of the household who are likely to be younger and/or of a different sex. 


11.1 PO<@<kx)=1-a@ 


oe, 


°c 


Leg 
-x/0 -x/0 
—e "dx =-e* 


Olk 





1 
ae =Ind—q@) andk = 


11.2 (a) 4 
9 
O/k 
cae oe 
2k & 
(b) 
rf) 
@ O/k 


162 


lk 


-1 





Ind — @) 


pl0< @<k(x,+x,)]=l-a@ 


pjintny>? [=1-a 


ptm <¢ |- a 


2 
(2-26) Seiey 
2\k 0 


ee 1 
(2-2) =2(1- a), 5 -2= 


1 


k= —————————— 
2+./20-@) 

1 
“P= A= OH) 
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+,/2(1— @) 
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113 p(R<@<cR)=1-a 


p[2<R<0)=1-a 
Cc 








o 4 2 Re e 
+ | (@-R)dR =1-a Z| ox-=| 
6lc Ole 
> 2 
5 ge? ae . =l-a 
6 2 c 2c 
2 1 
1-=+—,=1-a, c? -2ct+1=(l-a)ec? 
c 2c 
$= ee 
ac? 2041 =0 and c 2 et Le 
2a a 
11.4 By inspection 
—Za/2 20/3 Zal3 ~ 2a > Zai2 ~ 22013 
2Zai2 <Ze3 + 22013 


—Za/3 Zu/2 
length of first confidence interval is less than that of 2nd confidence interval 


Za/2 


22n/3 20/3 


Length of confidence interval: 
= Oo > Oo 
L=X + 2% pe T=7| X — Ze 
(l-k )a ie ka 4 


=(Z +Z ) at 
1-k kad? = 
( )a a 


Oo 
If k=1/2, bay = Zan 
If k <1/2, 
6>9; Zama < Zama tO = Za. where 6, >0 


Zee = Zai2 + 6 > Za2 


a 4 oO 
and L, = [22 gj. + (6, — 6,)]: = 
k al2 a sae 
Since the normal density function f(x) is decreasing for x >0, 6, < 6,, thus 


oO 
Ly > Ze ie 


By the symmetry of f(x), fork >1/2, L, >2Zy) Fe 
n 
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= o ] 
Oo Oo 
Lal2 “as = E and Vn = Lal2 7 
2 
Oo 
i zur 4 
S Oo 
11.7 Substitute ¢,,.,-;°—= for =Z,,°-7= 
al2,n-1 Jn al2 Vn 
If x, the mean of a random sample of size n from a formal population with the mean //, is 
used as an estimate of “2, we can assert with (1— @)100% confidence that the error is less than 
t ane, 
a 
11.8 If x, and x, are the means of independent random samples of size n, and n, from normal 
populations with 4,, ,, O,,and o,, and x, — x, is to be used as an estimate if 4, — {,, the 
probability is 1— @ that error will be less than 
oo: 
Za24|—- t+ — 
ie 2b9 
-1 -1 +n, —2 
11.9 E(S?) Ae ee aE Cs Oe nm ad EE eee ed 
n tn, -2 n, tn, —-2 n, tn, -2 
therefore unbiased 
(m-Dsp oo (n, - ls; 
aD 2 > 7 (n, -1) 
Oo 
162 1) 2 
(my = Paci a > 7°(n, +n, -2) var is 2(n, +n, —2) 
(n, —1)s; +(n, -1)s5 var is 20*(n, +n, —2) 
(n, - ls; +(n, -— D5 26° 
var is ——————— 
n, tn, —-—2 (n, +n, — 2) 
11.10 T= Z _ = %))- Uh -). 1 
Jase oh dig th (n, +1, —2)S? 
ny +n,—2 m Ny n,+n,-2 

















_ = %))- (= 4) 
S heals 


Pp 
nm Ny 
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11.11 -z,,../nO0—- 0) = x—np and z,,,, (nO —- @) = x—np 
2 ypnO( — 0) =(x-n0) =x —2xn6+n’ Oe? 
WO +NZjy —2xnO— Nz ,0+ x =0 
2 
(n+ Za) — (2% + Zin + —=0 
n 


by quadratic formula 





2 


2) 
n | 


Qx+z7.+ lox Za) —4(n+ zn 


os 2((n+ an 


11.13 x—n@ x-ne 


=2 5 <<} > <%, 
arn Sn") no"-a") 


Let 0* = value of 6 with &<@<@ closest to 7 By Theorem 11.7, 


* a 2; 
e<Zyn a and n= 0*(1—9*) 22 


11.15 By Theorem 11.8 with probability approximately 1— @ 
se can 90-6) 


ny Ny 








11.16 If n, =n, =n, then E< pe Moe TD 


n 


The right-hand side of this inequality is maximized when 6, = 0, = = 








1 2 2 2 
Thus, E<z —, E-< a2 and n= a2 
a2] mn 94 OE? 
1 1 
W117  Zaacst = Gop Poors = 0-050 
2 

vag ——! a8 a oe 

F-c012,2,-1smy-1 O75; T cittn ee A 


2 2: 
st er. ! 


2 2 
yy F iti, Ap So Fi-at2,n,-1m,-1 


Joice 
1 
2 2 
Si ee ee eee a 
2 a12,n-1,n,-1 


sy ff, al2.ny-1yny— Sy 
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Oo 
11.19 o- alt To <S<OK< 25 





Z 
of1- al2 <s< 
V2n 
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Ss Ss 
<oO< 
Pe: Za/2 _ a2 
V2n V2n 
11.20 n= 150 o=9.4 E=1.96 ae = i0G) = 1.50 
V150 12.247 
9.4 
11.21 61.842.575-——— = 61.8+1.98, 59.82 < u< 63.78 
V150 
11.22 E =2.575:——} Bue = 2.575: MOP: = 2.47 mm 
120 10.955 
11.23 141.8 £91330 29>: = 141,842.33 10>_ =141.8+2.23 
120 10.955 
139.57 < uw < 144.03 


11.24 


11.25 


11.26 


11.27 


11.28 


11.29 


= s 
X = 20.005 aa 
n 


€ < 20.025 T= a 


4 
52.80+2.575———, or (51.35, 54.25). 


Tea 


2.68 


= 1.96 — = 0.83 min. 


40 


— sale n 9.4 [900-150 _, 4, 
mse y at) o0-1 


¥ + 209s = aey alles ae ; 618425757 OS Toe GeO. OIOROD. 
Vn VN-1 J150 V 900-1 


7 2 
Oo 
=| 29.025 
L e 


o|? 





1.96 22) = 91.48 or 92, rounded up to the nearest integer. 


= Zaire | =1 96] 22) = 354.04 or 355, rounded up to the nearest integer. 
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11.30 FE yoospt 5.682.262, or (5.47, 5.89) 
a Ss 2.75 
1131 FL %yq9s17 3 63.84£2.898—: or (61.96, 65.72). 
62 
11.32 €<fho511 r = 2.201 = 0.40 


2 2) 2 
11.33 5 —-¥) + yqs,| eZ -5.241.645,|9 = 42> | or (-7.49,-2.91). 
nm Nn, 16. 25 
2 2 2 2 
11.34 (F—¥,) + Zoos, (0 +22: Figen 575 et OE ee GBH 50), 
nm Ny, 61 


= 11(1.2)° +14(1.5)* 


11.35 5° 
P 25 


= 1.8936 5, =1.376 


1 1 
(13.8 — 12.9) +2.060(1.376),/— + — 

12 15 
0.9 + 2.8346(0.387), 0.941.098 


—0.198 < 4, — UU, < 1.998 feet 


11.36 x, =8260, s, = 251.89, x, = 7930, s, = 206.52 
a. 4(251.89)° +4(206.52)° 
2 rrr 


: = 53,049.54 5, = 230.32 


8260 — 7930 + 3.355(230.32) : + : 


330+ 488.75 
—158.75 < 4, — , < 818.75 million calorie per ton 








(0.004)? z (0.005)° 
3 45 
= 2.33(0.001) = 0.0023 ohm 


11.37 E= 233 


11.38 6= clas = 0.68 
300 
+ 
0.68 +1.96 (0.68)(0.32) 0.68+0.053 
300 0.627 < 0< 0.733 





11.39 e= 2.515 O02) = 0.069 
300 
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11.40 (a) 2 =0.76 0.762.575, | C2002") 
250 250 
0.76 £0.070 0.690 < 8< 0.830 
190+ Z (2.575)° 2.575 ue) + as (2.575)° 
(b) 2 250 4 
250+ (2.575) 
190+ 3.31542.575/45.6 + 1.658 
250+ 6.631 
+ 
pee 02 0.684 < 8< 0.822 
256.631 
11.41 e=1.96 Oe. 0.053 
250 
11.42 0.1842.575 a 0.18+0.099 
0.081 < 8< 0.279 
11.43 eG as 2=1,645,| 220) = 0.075 
120 120 
11.44 0.05=z ee 0.05 = 0.02735z z= 1.83 
confidence is 2(0.4664)-100 = 93.3% 
2 
11.45 n= 2) 7 = 24 
02) 
1.96)" 
11.46 n= (0.03)0.10){ 275 = (0.21)(9604) = 2017 
2 
11.47 n= eoray = 1037 rounded up 
4(0.04) 


2 
2.57 

11.48 n= (0.65)(0.35) (2) = 943 
0.04 
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11.49 ee 0.336 Le 0.624 
250 250 








ne Te pCO ,, (0.624)(0.376) 
250 250 
—0.288 +0.084 0.372 < 6, - 0, < -0.204 


11.50 cae 0.096, ie 0.170 
500 400 








Snaeniiiads [omoxosos ,_ (0.170)(0.830) 
500 400 


—0.074 0.059 —0.133 < 6, — 8, < -0.015 





(0.096)(0.904) " (0.170)(0.830) 
500 400 
= 2.33(0.022939) = 0.053 


11.51 e= 2.33 


2 
ARGO): 50% 


11.52 n= >= 
2(0.05) 





2: 2 
9(0.29)* ae 9(0.29) 
19.023 2.700 
0.04< 0° <0.28 


11.53 





2 2 
11.54 11(0.625) oe 11(0.625) 

















19.675 4.575 
0.2184 < 0° < 0.939 0.47 <0 <0.97 
11.55 le. Téa 3.67< 0 <5.83 
1+ sro 
128 128 
11.56 ase o< sacs 2.13<0<3.62 
1+ = 
80 80 
19.4° 1 o 19.4" 
11.57 — ieee 0.01,60,60 


18.8° F0.01,60,60 Op 


19.47 1 of 19.4 


& x 2 : 


o; 
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G2) 1 _o1 (1.27 





11.58 : 2 ; 
(1.5)° Fecuan on (1.5)? Soo 
.64 2 ‘ 
es : < a < (0.64)(4.30) 0.165< al <2.752 
3.87 0; o 


(251.89)? 1 2 - 251.89)" 








11.59 . . 
(20652) fieag of @065a °°? 
1.4876 0? 
870 << 1.4876(6.39) 0.233< 2. < 9.506 
639 = 


11.60 Using MINITAB we enter the data into C1 and we give the command 
MTB> Tinterval 95.0 C1 

Obtaining 

N MEAN’ STDEV SEMEAN 95.0 PERCENT CI. 

20 6.145 1.467 0.328 (5.458, 6.832) 


11.61 Using MINITAB we enter the data into C1 and C2 and we give the command 
MTB> St Dev C1 obtaining 
ST DEV = 275.87 





Then, with 75 9509 =42.557 and 795 99 = 17.70, we have 


2 2 
29(275.87)° _ 2 _ 29(275.87) 
42.557 17.78 


or 227.7 <0 < 352.3 with 90% confidence. 
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12.1 (a) simple; (b) composite (f not specified); (c) composite (parameter not specified); 
(d) composite (parameter not specified). 


12.2 (a) _ simple; (b) composite (parameter not specified); (c) composite (Oo not specified); 
(d) composite ( @ not specified). 


as on hol v4 








12.4 a= p(x <16;8=0.90) = p(x 2 4;8=0.10) 
=1-—(0.1216 + 0.2702 + 0.2852 + 0.1901) 
=1—0.8671=0.1329 

B= p(x>16;0=0.60) = p(x < 4,0=0.40) 
= 0.000 + 0.0005 + 0.0031 + 0.0123 = 0.0159 








a 0,(1-@)** k-1 
12.5 a= p(x>k;Q®)= = 0 __=(|-@ 
Fo Ole tee atege Te 
1-r’ 1-d-9@)*" am 
= k30,)= = @,.-——_" _=1-(1-9 
B= p(x<k34) oa 1-0-4) (1-6) 


12.6 a= p(x>3;0=2) 


“1 ‘s 
= [oe*?ax =-e "|e! =0.223 
32 ‘ 


B= p(x $3;0=5) 


3 


1 3 

-x/5 5 

=|z dx =—e* ; 
0 





=1-e°° =1-0.549 = 0.451 





Oo 
12.7 X>fyt+Zy° = 

vn 
ta eo) Z, =v2 =1.414 


a = 0.5000 — 0.4207 = 0.8 
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12.8 p(x> +14) =0 








1 By +1 
< fy +158, +2)=(f+D- = 
P(XS fy +13 Ay +2) =(B Ra By+2 

1 1 
12.9 1-=4] x, } % dx, dx, 
3/4 3/4x 
1 
m4} n]t-s fas 
Sys ey 32a 
9¢d 
1- B= [ 2x, dx,-— [= 
3/4 8 4 = 
Sf tains 
16 8 
Edoe ? (0.28768) = 0.114 
16 8 
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12.10 Proof same as in Example 12.4 except that the quantity n(f) — ,) 1s now positive and the 


inequalities are 
x <K inside c 
x 2K outside c 


1 ot ae 
where k = My — Zy ae . SO, Critical region is 
n 


1 
XS My - ZF 
Ho a 
(211 fg Leon 
g gi 
Ly -(2) oH -V4) ey 
eae 
nin— —}'x, feos Zing 
ca H 
nik 
> o = 
yx, 2 Sie K 
GH 4 


Critical region is » x, 2 K , where K can be determined by making use of fact that > x, has 


i=l 
the gamma distribution with a@=n and B=6,. 


i=l 
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12.12 1, = "Jas ~9,)"" ies ["Jara- @) 


fo =| S080 (124) 
L, |@0-@)| (1-6) ~ 
(1-9), 1-M% 


6,(1-@) 1-6, 
1-6 





x-In <Ink 








Ink —nln 


ee 
ne 8) 


A,(1-@) 


Critical region is x < K , where K can be determined from table of binomial probabilities. 


K-100(0.40) _ 


3 
,/100(0.4)(0.6) 


Critical region x <31 
31.5—30 





—1.645, K =40 —1.645(4.90) = 31.94 


S 


pa 6, 6 = 0.5—0.1293 = 0.37 
{100(0.3)(0.7) 4.58 
12.14 f(x)=00-6)*" FET 300 
Ly = Q1-O)*" L=6,(1-6)"" 





Ly -| 20-8 | 1-4) <k 
L 06,(1-4) || 1-8, 
| OO in Bs Ink 
6,1 - 8) 
inp 


6,1-4@) 
i INO 
xs (26; K 


1-8, 





Critical region is x < K , where K can be determined using formula for sum of terms of 
geometric progression. 


1 (208) Fx? 1 -(U207) x? 
12.15 L, =—_—-——-e L,.=——e 
(J2z)" of V2x'o} 
Ty _ [z.) ADA |vet-et) 
L, \% 





174 


Dee 


Wi ink 


Oo 


ees 
% Oo 
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Critical region is ye 2 K , where K is determined using the fact that Se =(n-1)s° and 


(n—1)s° 


0 


ve . , y) 2 
critical region is yx Cae ogy ae 


12.16 The probabilities of making wrong decisions are 


























is random variable having vr distribution with n—1 degrees of freedom. Therefore, 


(a) (0.0114)(0.8) + (0.1255)(0.2)=0.034 
(b) (0.0433)(0.8) + (0.0509)(0.2) = 0.045 
(c) (0.0025)(0.8) + (0.2499)(0.2) = 0.052 


1— B= 1-(0.0388 + 0.1368 + 0.2293 + 0.2428 + 0.1821) = 0.1702 
1— B=1-(0.0115+ 0.0576 + 0.1369 + 0.2054 + 0.2182) = 0.3704 


B=1-(0.0032 + 0.0211+ 0.0669 + 0.1339 + 0.1897) = 0.5852 
= 1—(0.0008 + 0.0068 + 0.0278 + 0.0716 + 0.1304) = 0.7626 


6=0.9 6=0.6 
d, | 0.0114 0.1255 
d, | 0.0433 0.0509 
d, | 0.0025 0.2499 
Glo, Gl 
party VAY. ae, 
7 7 
G G 
ale)» lake 
(b) pe 2S pete 
a A 7 21 
a [ 
alta 
jo kG 
7 
[ 
12.18 8=0.95 @=0.0022+0.0003 = 0.0025 
6=0.90  @=0.0319 +0.0089 + 0.0020 + 0.0004 +0.0001 = 0.0433 
6=0.85 
6= 0.80 
6=0.75  1- 
6=0.70 1-B 
6=0.65 1-B=1 
6=0.60  1—£=1-(0.0005+0.0031+ 0.0123+ 0.0350) = 0.9491 
6=0.55  1-B=1-(0.0001+0.0008 + 0.0040 +0.0139) = 0.9812 
6=0.50  1-B=1-(0.0002+0.0011+0.0046) = 0.9941 
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12.19 x, - fy = (4, -X) + (F- My) 
> Gam) => Ga 2yY 42), -OG=m) 4+) =)" 
= 1G; - 37 +2) - ey) a - D+ - y 
=), -29 + VG- wy 


Therefore 2 =e !2™ bac — fy) - YG; - xy | 


-(1/207 = 2 
= POY F-My) 
= en 2 EH)” 


12.20 (a) L= "Jor -6)"~* die ["\5) 
x x J 2 











Inz=In{" }+sInd (=a) int 0) 
XxX 
AE oO Spivieids 62" 
do 0 1-0 n 
“(IC 
X n n 
i 
and yee mer Ce 
oo. 
n n 
(b) -nln2+nInn-xIlnx-(n-x)In(n—-x)<Ink 


—xInx-(n—-x)In(n—- x) <k’ 
xInx+(n—x)In(n-x)2K 
(ce) f(x)=xInx+(n-x)In(n-x) 
ae =Inx+1-In(n-x)-1=0 
dx 


x=n-x and Poa 


Since f(n-—x)= f(x), symmetrical about x = 5 . Therefore critical region is 
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12.21 (a) L= J -ways er ae ae ee 


oe 0 


ae ee x 








x 
dink__n dy 0 Ae 
do 0 & 
dad ae 
_% _| * —(nk/@)+n 
Sia oe a 
ti umy A 


Tn 


(b) () ees a =k’ 


n e 
X _- 
ar x/O5 < wk 
n 
xe lh < nilk =K 
Ke eK 


=) 
x-X 
12.22 Over Q maximum likelihood estimates are =X and CG = D8 


n 
_ SI (r= My)” 
- n 


Over w maximum likelihood estimates are fl = Md, and on 


-(1/267) 


1 
ge el _ 2 \ 
1 ~(1/267) ron Co 
2m) e 
( 


Artin = Yi - 1)? _ Si(a- xy +n(X — Lo)” Let n(X — Uy) 


Sx) S(x-xy Max? 














2 arr” 
sae! where t= V2 = Ho)” Ho) 
n- KY 
2 ayo 
Az=l1+ : where p=" E= Ho) 
n-1l Ss 
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(223 US Inia ees 
2 3 

2 n 

ae[ls : ] 

n-1 
2 2 2 \2 2 \3 

Piaget) Sle ee ES teil aap 
n-1 n-1l 2\n-1 3\n-1 


go 1200) LY -3? 








1 
12.24 max L, = —————_ 
(J2z)" of 


1 =(1262) ¥ (x-¥ 
of ea) 


_.2 n/2 
A= ze — x) | po UD A-x? Wop -Ue?) 


1< 5 

k -|—, > (%;-4,) 
1 eS ue | 
12.25 (a) L= =—___—_¢ i j=l 
I] (V27)" oF" 


proceed as in Example 10.17 


k 1 (1/267) ¥\ (a4 -%)° 
(b) maxL, =| |=————e ‘ 
I] (V27)" tcG; 
k 1 — (W267) Y (xj-¥%)? 





EY) ay ms as (n, —))s; 
i Si Nn; 
Ty ub . 
a= 
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(m+n, )/2 
| ""~ yields 


12.26 Dividing numerator and denominator by (s; 


n,/2 2 Nny/2 
[a] [eat] 
2 
n nN S 
1 2 1 
A= 








QED 





12.27 L=1+0"[3-x] 


m0) = fiae =o 
0 


1 

m0) = a+ 5 @a(1—@) 

Since + Patl—a)>0 for 0<a<1 
(0) has minimum at 0=0 


12.28 They would be committing a type I error if they erroneously reject the null hypothesis that 60% 
of their passengers object to smoking inside the plane. 


They would be committing a type I error if they erroneously accept this null hypothesis. 


12.29 The doctor would commit a type I error if he/she erroneously rejects the null hypothesis that 
the executive is able to take on additional responsibilities. The doctor would commit a type II 
error if he/she erroneously accepts this null hypothesis. 


12.30 (a) | The manufacturer should use the alternative hypothesis 42 < 20 and make the 
modification only if the null hypothesis can be rejected. 


(b) The manufacturer should use the alternative hypothesis 42> 20 and make the 
modification unless the null hypothesis can be rejected. 


12.31 (a) Ay > 
(b) Ay i> LH, 
(c) Ay: hte 
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12.32 With uw=9.6, x =10.2, and n=80 
(a) Decision: reject H,): since H, is true, decision is in error. 
(b) Decision: reject H,: since H, is false, decision is not in error. 
(c) Decision: reject H,: since H, is true, decision is in error. 


(d) Decision: reject H,): since H, is true, decision is not in error. 


12.33 (a) Ay: m= 
(b) Ay) > My 
() Ay) <M 


12.34 (a) HH: the antipollution device is effective. A type I error would be made if the device is 
effective and H, is rejected. A type II error would be made if the device is not effective 


and H, is not rejecte4d. 


(b) #H,: The antipollution device is not effective. 


12.35 (a) — She will correctly reject the null hypothesis. 
(b) She will erroneously reject the null hypothesis. 


12.36 (a) He will erroneously accept the null hypothesis. 
(b) He will correctly accept the null hypothesis. 


12.37 (a) = —-Vn +1.645+-1.88 
Vn = 3.525 n=12.43 n= 13 rounded up to nearest integer 


(b)  —Vn +1.645 =-2.33 
Vn = 3.975 n=15.80 n=16 rounde4d up to nearest integer 


12.38 (a) Yes; (b) Yes 


12 
12 
12.39 (a) 1- [eeax =1+e "| +14+e 1? -e "8 
10 8 


=1+0.3012 — 0.4493 = 0.852 


1 2 
(b) [5 eddy =-e 7 e*—e° =0.0183-0.0025 = 0.016 


2: 
[+ eae = ee —e° =0.1353—0.0448 = 0.086 





2 





=e! 3~—¢67 =0.2645-0.1353 = 0.129 


1 
[soe =-e 8!" =¢!~e! =0,3679—0.2231=0.145 
8 
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12 


[joma = -e "| 


8 


foewas - -e" 


12 


=e _¢! =0.5117-0.3679 = 0.144 


8 


12 


= 6° —¢° = 0,6065- 0.4724 = 0.134 


8 


12 


1 
[rer ax - -e"| = e940 _ 606 _ 9 6703— 0.5488 = 0.122 





1 20 8 
12.40 Reject if x > 43.5 G= [2s =o 
(a); <z= a = 3.25, P(X > 43.5|u= 37) = P(Z > 3.25) = 0.00058 
Z= oe = 2.75, P(X > 43.5|u = 38) = P(Z > 2.75) = 0.003 
om oo = 2.25, P(X > 43.5|u = 39) = P(Z > 2.25) =0.0122 
= = =1.75, P(X >43.5|u= 40) = P(Z > 1.75) = 0.04 
(b) z= dah 1.25, P(X < 43.5|u= 41) = P(Z $1.25) = 0.8944 
z= a =0.75, P(X < 43.5|u = 42) = P(Z < 0.75) = 0.7734 
z= a =0.25, P(X < 43.5] = 43) = P(Z < 0.25) = 0.5987 
ee -0.25, P(X <43.5|u = 44) = P(Z < -0.25) = 0.4103 
a= aes -0.75, P(X < 43.5|u= 45) = P(Z <-0.75) = 0.2266 
pe eae -1.25, P(X < 43.5|u = 46) = P(Z < -1.25) = 0.1056 
= —_ =-1.75, P(X <43.5|u=47) = P(Z <-1.75) =0.04 
gees —2.25, P(X < 43.5|u = 48) = P(Z < 2.25) = 0.0122 
12.41 (a) Rejectif }’x<5 Use Table Il 
A=11 p = 0.0375 A=12 p = 0.0203 
A=13 p = 0.0107 A=14 p = 0.0055 
A=15 p = 0.0027 
(b) A=10, 1-0.0671=0.9329, 2=7.5, 1-0.2415=0.7585 


A=5, 1—0.6160 = 0.3840, 2=2.5, 1—0.9580 = 0.0420 
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566-50 _ 
5 


1.3 





12.42 1=50, o=5, z 


Probability of 57 or more heads is 0.500 — 0.4032 = 0.0968 
Since 0.0968 > 0.05 null hypothesis cannot be rejected. 


(736) (9:25) (542) (7-24) 
1as- pas 
[(112 + 225+ 60 +168) / 32] 


_ 14*.22.5°-10°-217 
17.656'° 











Ind = 4(2.63906) + 5(3.11352) + 3(2.30259) + 4(3.04452) —16(2.8711) 
=-0.712 —2InA=1.424 


Since this is less than Waoes = 7.815, the null hypothesis cannot be rejected. 


12.44 From Exercise 12.21 


n 
A a x eo (ne1A)+n 
% 


hein ee oom. 00 
G 2% 300. 15 
= 20(0.5670) —15.27=-3.93  —2Ind=2(3.93) =7.86 


Since 7.86 exceeds vre = 3.841, the null hypothesis must be rejected. 


13.1 


13.2 


13.3 


13.4 


13.5 
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Secs x- 
Test statistic z= Mo 


olVn 


aa 2 
Then by Theorem 8.7 [2 Ho ) is random variable having y* distribution with v =1. So 


ol Vn 
n(x — Ly)” 


Fi ‘ : ‘ 2 
rejection criterion becomes ———— 2 7, , 
= 








K = f+ Zy oJ and K= ieee oe 
n 


as 








_ Wat Zs) 
Le aie MH, — Ho 
o (z,+ 
eh 
(Hy — Mo) 
2 2 . 
gE, 9 n=52 
5 25 
2 1 +05 
K = 5424, a ee 
n 
iia) Oe Na aes | 
n ‘ v 
0, +05 
6-6 = (Z4+Z,) = : 








fe ite tepNO+Or nd nwo Oat Fp)" 
0-0 (6-5) 


7 (81+ 169)(2.33+2.33) _ (250(21.7156) 


: = 150.80 =151 
6 36 
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13.6 


13.7 


13.8 








162 
a has chi square distribution with (n—1) degrees of freedom, so that according to 
0 
corollary 2 to Theorem 6.3 
M=n-land o=./2(n-1) 
Using normal approximation, critical region is 
—1)s2 
OOM n= 14 zg 
0 
or s* 201 a | 
n—-l 
x Se tet, oD 2 
For H,:0° <0; critical region is s* < 05 | 1-z, ae 
i= 
i ee 2 ae 2 
For H, co # on critical region is s* < 0% 1-Z5) ay or s 2 a) 1+ Zen oar 
n- n- 
Ifxhas 7’ distribution with n—1 degrees of freedom, then according to Example 8.42 
2x —./2(n-1) — standard normal distribution. 
: (n- ls? ; naan hes : 
Since . has chi square distribution with n—1 degrees of freedom. 
0 
2(n—-1)s? ee 
Te ./2(n—1) has approximately standard normal distribution 
0 
a 2(n—1) - af 2(n—1) has approximately standard normal distribution 
Oo 
[= | /2(n—1) has approximately standard normal distribution 
oO 
ei =n,0, C2 ie fin =X fix = -%; 





e;;) “yo =n [n, -x,-n,1-&P 





ial jal Si = n,(1- 6) 
a —n,0) + Ax, —n,0) 
a bs 6) 
k 
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13.9 H,:A>A,, Reject null hypothesis if > x; 2k,, where k,, is smallest integer for which 
i=l 


co 


S P(y3ndy) S a. 


yak 


H,:A<A,, Reject null hypothesis if DS x; Sk/,, where k’, is smallest integer for which 
i=l 


e 
SY! P(yindy) S a. 
y=0 


H,:A# A,, Reject null hypothesis if yx = jo OC yx 2K ojo 


13.10 From Table II with A = 5(3.6) =18 
kyoos = 25 (Probability X > 28 = 0.0173, x > 27 = 0.0282) 
koo05 =9 (Probability X <9 =0.0153, x <10= 0.0303) 


n(x, +x N(x, +x 
13.11 Substitute e,, = TRATED) pe == (4% +%) 
n +n, n, +n, 
n(n, +n,)— (x, + x, )] 
Say = XQ. QQ = fr Emre 
ny ily 


_ Al (n, +n) —(%, + x5 )] 
2S 


» ton =, — xX, into 
Het ty 


e-y 


L 


é.. 


k 
=| y 


2 .—@é. Z 
yaaa a and simplify algebraically 
j=1 


J 





x, Xx x x 
val re :) =v evar 2 
nm Ny ny Ny 


= 9, (1— 9) 4: 9, (1— 9) 





ny Ny 
6, = 8, = O estimated by pane 
n, +n, 
. a (1 1 
A1- 8) [+ + +] 
nm Ny 
%_*) _¢ ae 
Ny Ny es 


Thus, z= 





ar-a{L+2| jeo-a{2e2 
nm Ny nm Ny 


has approximately standard normal distribution. 
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13.13 7’ = =m)" Ga =m" — 7,6)" 
n,O(— 6) n,O(1— 8) 
7 2 
n(x, +x,)° } meat! | 
a rao NO ne a = 
a n, +n, sik n, +n, 
n,O(1— 8) n,O(1— 8) 
l XN, NX, 7 iW XN, 4X ; 
Lath mtn, PURSES: n, +n, 
n,O(1— 8) n,O(1— 8) 
2 2 2 2 
Mm Ny [2-4] 4 Ny Ny eS). [s 2] 
_ my tmy nN Ny ny (n, +N5) My My) nN Ny 
n,n O11 — 6) © FM) ay 8) 
NN, 


) 


= Z? 





1 
— + — 
Ny 


Didi 


13.14 


Joa-a 


03S Laer 


QED 





=i 





: n 5 
Lf DD difyn 
OT aes 7 = 5 = DSi 
13.15 Under H,:¢,,; =0,; =...= 96, forj =1,2,.... 
=0 





13.16 7° = armas ey) 


Side 





--D>4 af “2d fst Bde 





Ts oie (see Ex 13.14) 


QED 
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> 232° 260? 197° 168% 240? 2037 
= + + + + + 

212 265 212 188 235 188 

= 253.887 + 255.094 + 183.061 +150.128 + 245.106 + 219.197 —1300 


= 6.473 (differs due to rounding) 


13.18 (a) Ana URCAL RCH ROHL ROHL 
Gai ns fi4-  ff4- fia FTA 
=f 
iA 
i ios 2.2 
VAVAVA 
Fel is /9 Ene a ae oy 
” : aaa 7 Uae a 
4.2 
Waban oh tg haa 
_ 2f = 2 4 
anes Gn eee er 


13.19 (a) _ not necessarily; (b) yes 


— 1300 





13.17 yv 














13.20 (a) No, since 0.0316 > 0.01 
(b) Yes, since 0.0316 < 0.05 
(c) Yes, since 0.0316 < 0.10 


13.21 Normal curve area corresponding to z= 2.84 is 0.4977 
p-value is 2(0.5000- 0.4977) = 0.0046 


13.22 Normal curve area corresponding to 1.40 is 0.4192 
p-value is 0.5000 — 0.4192 = 0.0808 


13.23 p-value is ae = 0.3249. As is exceeds 0.05, null hypothesis cannot be rejected. 


13.24 H,:u=10; H,:4<10 
_—X-fy _ 84-10 _ 


L= = — 
olVn 3.2/V16 





Since 2 5 = 1.645, we reject Hy in favor of H,. 
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13.25 1. Hy: =84.3, H,:u>84.3, a=0.01 
2: Reject null hypothesis if z= 2.33 





3. os 87.5 — 84.3 273 
8.6//45 

4. Since 2.73 exceeds 2.33, null hypothesis must be rejected. 
X — Lo 

13.26 2. a= 

olvn 
7.5 —84. 

3. Z= Siete = 2.73, p-value = 0.5000 — 0.4968 = 0.0032 
8.6//45 


4, Since 0.0032 < 0.01, null hypothesis must be rejected. 


13.27 1. Hy: = 30, H,:u430, a=0.01 
2: Reject null hypothesis if z < —2.575 or z 2 2.575 
30.8-30  0.8/32 _ 


z= = = 3.02 
15/80 05 
4. Since 3.02 > 2.575, null hypothesis must be rejected. 








X — Lo 
13.28 2. Z= 
ol Vn 
3. z= eRe = 3.02, p-value = 2(0.5— 0.4987) = 0.0026 
1.5/ 32 


4. Since 0.0026 is less than 0.005, null hypothesis must be rejected. 


13.29 1. Hy: @=35, H,:<35, a=0.05 
2. Reject null hypothesis if t < —fp 9; |= —1.796 
O90) Ao 
23/V12 2.312 
4. Since —2.11<-—1.796, the null hypothesis must be rejected. 





13.30 n=5, x =14.4, s=0.158 
1. Hy: @=14, H,:4414, a@=0.05 
2. Reject null hypothesis if t < —2.776 or t = 2.776 
14.4-14 
t= ———~— =5. 
0.158//5 
4. Since 5.66 exceeds 2.776, null hypothesis must be rejected. 


13.31 n=5, x =14.7, s=0.742 

_ 147-14 _ 

0.74215 

4. Since t= 2.11 falls between —2.776 and 2.776 , null hypothesis cannot be rejected. 


xX — M, has increased from 14.4 to 14.7 but s has increased from 0.158 to 0.742. 
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13.32 ¢t=5.66, df.=4 
p-value = 1—0.9952 = 0.0048 
Since 0.0048 < 0.05 , null hypothesis must be rejected. 


13.33 (a) - P(reject Hy|H is true) = 0.05 (by definition) 
(b) P(reject H, on experiment | or experiment 2 (or both) |H 9 is true) = 


0.05 + 0.05 — .0025 = 0.0975 
(c) Reject H, on one or more of 30 experiments |H o is true) = 


1— P( do not reject Hy on any experiment Ho is true)=1—(0.95)*° = 0.79. 


13.34 (a) = P(reject H, on exactly one factor | » is true for all 48 factors) = 
48 1 4] 
; (0.01) (0.99)"" = 0.30 


(b) P(reject Hy on more than one factor |Z is true for all 48 factors) = 1-0.30=0.70. 


(%, - ¥,)-0.20 
/ (0.12)° | (0.14) 
50 40 
(¥,-X,)-0.20 
0.0279 
¥,— ¥ <0.20-0.0547 = 0.145 
or ¥,—X, = 0.20 +0.0547 = 0.255 


13.35 <-1.96 or 21.96 








<-1.96 or =1.96 








(a) = 01A5=0-12 _ 09 ang 7 = 0255-012 _ 4 gy 
0.0279 0.0279 
B=0.5-0.3159 = 0.1841 =0.18 
by a Or45=0-16 _ 54 ang z= 0:255=0:16 _ 5 ans 
0.0279 0.0279 
8 =0.2054+0.5= 0.7054 =0.71 
(za O45 =0.24 _ 3 ag ang z= 0:255=0.24 _ 9 54 
0.0279 0.0279 
8 =0.2054+0.5= 0.7054 = 0.71 
(a) zo 045-028 _ gy ang 2 = 0:255=0.28 _ 9 og 
0.0279 0.0279 


B=0.5-0.3159 = 0.1841 =0.18 
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13.36 1. Ay: —-f, =9, Ay: 44-4, #0, a@=0.05 
2 Reject null hypothesis if z < —1.96 or z 2 1.96 








9.1-8 11 
3.0 z=— =2. 

es 912 0.4224 

—— + —— 

40 50 


4. Since 2.60 > 1.96, null hypothesis must be rejected. 


13.37 z=2.60, p-value = 2(0.5-— 0.4953) = 0.0094 
Since 0.0094 < 0.05, null hypothesis must be rejected. 


13.38 1. Hy: fy — My =—0.05, H,: lM, - ft, <—0.05, a@=0.05 
2. Reject null hypothesis if z < —1.645 
3 i (53.8—54.5)+0.05 _ —0.20 


ie 2.5 0.164 








=-1.22 








+ 
400 500 


4. Since —1.22 > —1.645, null hypothesis cannot be rejected. 


13.39 z=-1.22, p-value = 0.5—0.3888 = 0.1112 
Since 0.1112 > 0.05, null hypothesis cannot be rejected. 


13.40 1. Ay: HM, —-H, =9, Ay: 44-4, #0, a=0.01 
2; Reject null hypothesis if t < —f 99; = —3.169 or t > fp 995 = 3.169 
> _ 5(3.3)° +5(2.1) 
s 
. 10 
T1A-72.2 | ap 


‘ T 1 (2.766057) 
2.766 Far 


4, Since 3.26 > 3.169 , null hypothesis must be rejected. 


= 





=7.65 and s,, = 2.766 


13.41 +=2.67, df.=6, @=0.05 
p-value = : (1- 0.9630) = 0.0185 


13.42 x, =144, s, =19.06, x, = 149, s, =14.21 
1. Ay: f=, Hy: 4#hM,, @=0.01 
2. Reject null hypothesis if t < —3.169 or t = 3.169 
Pi 5(19.06)° + 5(14.21)” 
. 10 
144-149 5 


16.802 ar (16.802)(0.577) 


a: 





= 282.604 and s,, = 16.802 


—0.52 





4. Since —0.52 falls between —3.169 and 3.169 , null hypothesis cannot be rejected. 
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13.43 t=-0.52, d.f.=10 
p-value = 1—0.3856= 0.61 
Since 0.61 > 0.01, null hypothesis cannot be rejected. 


13.44 7, -1,5, 3,2, -1, 0, 6, 1, 4, 3, 2, 6, 12, 4 


1 
= 4.125, s = 4.064, n =16 
i Hy: uU=0, H,:u>0, a=0.05 
2. Reject null hypothesis if t 2 9515 = 1.753 
pe EI 
4.064/J16 


4. Since 4.06 > 1.753, null hypothesis must be rejected. Exercises are effective in reducing 
weight. 


13.45 9, 13, 2,5, —2, 6, 6, 5, 2, 6 
n=10, x =5.2, s=4.08 
1. Hy: @=0, H,:u>0, a=0.05 
2. Reject null hypothesis if tf > fy 95.9 = 1.833 
pe ae 
4.08 //10 
4. Since 4.03> 1.833, null hypothesis must be rejected. Safety program is effective. 





33 


13.46 += 4.03, df. =9 
p-value = sil — 0.997) = 0.0015 


13.471.  H,:o=0.0100, H,:0<0.0100, a= 0.05 
2. Reject null hypothesis if 77 < 795. = 2.733 
> _ 8(0.0086)* _ 5 


~ (0.0100)? 
4. Since 5.92 > 2.733, null hypothesis cannot be rejected. 


3 


13.48 5s = 238, n= 24 
1. H,:o0=250, H,:0# 250, ~=0.01 
2. Reject null hypothesis if 77 < 7995.05 = 9.260 or 27 = Xo095,23 = 44-181 
23(238)° 
3. ys aoe ) 
(250) 
4. Since 9.260 < 20.84 < 44.181, null hypothesis cannot be rejected. 


= 20.84 


13.49 s=2.53, n=30, a@=0.05 
1. Hy: 0=2.85, H,:0<2.85, a@=0.05 


2. Reject null hypothesis if y < 795 99 = 17.708 


2 
ee en 
(2.85) 


4. Since 22.85 > 17.708, null hypothesis cannot be rejected. 
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13.50 1. 
2. 


3. 
4. 


Hy): 0=0), H,:0<0,, @=0.05 
Reject null hypothesis if z < —Z 9; =—1.645 


z= [S2- 1\vE-39 = —0.1123(7.616) = —0.85 


Since —0.85 > —1.645, null hypothesis cannot be rejected. 


13.51 n=50, s=0.49 


1. 
2. 


3 


4. 


H,:o0=0.41, H,:0>0.41, ~@=0.05 
Reject null hypothesis if z 2 Zo; =1.645 
ps. 1 va = (0.195 1)(9.8995) = 1.93 


Since 1.93>1.645, null hypothesis must be rejected. 


13.52 p-value = 0.5- 0.4732 = 0.0268 
Since 0.0268 < 0.05 , null hypothesis must be rejected. 





13.53 n, =4, s,=31, n, =4, s,=26, ~=0.05 


1. 


2. 


4. 


H):0,-0, =0, H,:0,-0,>0, a=0.05 


2 
Reject null hypothesis if a0 2 Fy 0533 = 9.28 
Sy 


Since 1.42 does not exceed 9.28, null hypothesis cannot be rejected. 
H,:0,—0,=0, H,:0,-0, 40, a@=0.10 


2 
Reject null hypothesis if at 2 Foo555 = 5-05 
Sy 
3 , 
ie, YG 
sy 2.1 


Since 2.47 < 5.05, null hypothesis cannot be rejected. Assumption was reasonable. 


13.55 s,=19.06, s,=14.21, n, =n, =6 


1. 


2, 


H,:0,—0,=0, H,:0,-0, #0, a@=0.02 


yao?) 
Reject null hypothesis if ns 8 2 Foois5 = 11.0 
SH 81 
52 
1 
Bp 


Since 1.80 < 11.0, null hypothesis cannot be rejected. 
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13.56 n= 20, 0=0.5 against 840.50, @=0.05 
p(x $5) = 0.0207 Critical regionis x <Sorx215 
p(x S 6) = 0.0507 a = 0.0207 + 0.0207 = 0.0414 
p(x 2 15) = 0.0207 
p(x = 14) = 0.0507 


1 H,:0=0.40, H,:@>0.40, @=0.05 

2D, Observed number of successes in n = 18 trials 

3. x=10 P(X 210) =0.1348 p-value 0.1348 
4 Since 0.1348 > 0.05, null hypothesis cannot be rejected. 


13.58 p(X =12)=0.0203 Critical region is x > 12 
p(X 211) =0.0577 a = 0.0203 


1 H,:@=0.30, H,:@<0.30, @=0.05 

2. Observed number of successes in n = 19 trials 

3. x=1 p-value is 0.0011 + 0.0093 = 0.0104 

4 Since 0.0104 < 0.05, null hypothesis must be rejected. 


13.60 p(x <2)=0.0462 Critical regionis x <2 
p(x 3)=0.1331 @=0.0462 


1 H,:@=0.40, H,:0#40.40, ~=0.01 

2. Observed number of successions in 1 = 14 trials 

3. p(x 2 12) = 0.0006, p-value = 0.0012 

4 Since 0.0012 < 0.01, null hypothesis must be rejected. 


13.62 P(x <0)=0.0008, P(x 211) = 0.0039, Critical region is x = 0, or x 211 
P(x $1) =0.0081, P(x 210) =0.0175, @ = 0.008 + 0.0039 = 0.0047 


13.63 H,:@=0.35; H,:@<0.35. Using the normal approximation 
Bet x-n@  _ 290-350 
nd (1 —-) /(350)(0.65) 








Since Z 95 = 1.645, we reject H, at the 0.05 level of significance and conclude that 0< 0.35; 
thus, the statement can be refuted. 


13.641.  H,:0=0.20, H,:@>0.20, @=0.01 


2: Number of successes in n = 12 trials 
3. x=6, p(X 26) =0.0194 = p-value 
4. Since 0.0194 > 0.01, null hypothesis cannot be rejected. 
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13.65 1. H,:@=0.60, H,:0#40.60, a@=0.05 
2: Number of failures in n = 18 trials 
3. x=7,n-x=18-7=11 
P(X 211); @=0.40) = 0.0577 
p-value is 2(0.0577) = 0.1154 
4, Since 0.1154 > 0.05, null hypothesis cannot be rejected. 


13.66 1.  H,:0=0.30, H,:0#0.30, a =0.05 
2. Reject if z<—1.96 or z 21.96 
3, p= 157=60000.30) __, 95 
(600(0.3)(0.7) 


4. Since —2.05 <—1.96, null hypothesis must be rejected. 





13.671. H,:4=0.90, H,:0<0.90, a =0.05 
2. Reject if z<-1.645 
; 174-20000.9)_ 6 
“720000. 9)(0.1) 4.2426 


4. Since —1.41>-—1.645, null hypothesis cannot be rejected. 








13.68 1. H,:0,=9,, H,:0,#0,, a=0.01 
2s Reject null hypothesis if y* > Wewia = 6.635 


1 = 166-250 _ 83, others by subtraction 
Ali 500 
2 g2 g2 : 
y= a ee gaa Ges = 2.92 
~ 33 83. 167 “167 
lal 
fo fo 500 


4, Since 2.92 < 6.635, null hypothesis cannot be rejected. 





13.691. H,:0,=6, H,:0,#8,, @=0.01 











2. Reject null hypothesis if ZS —Zgq95 OF Z 2 Zo.995 
7 Ee ee) 
500 
74. 92 
3. = 250_250 once =-1.71 


/(0.332)(0.668)(0.008) 0.04212 
4. Since —1.71 falls between —2.575 and 2.575, null hypothesis cannot be rejected. 
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13.70 1. Hy) :0,=9,, H,:06,4#6,, @=0.05 


2. Reject null hypothesis if 7° > 75, = 3-841 
64-400 


ey, = = 42.7, others by subtraction 
al 600 
we 3.37 33° 3.38 | 3.3? 
+——_ + —_ 
SAT "Oi, 3 357.3 178.7 
al = 0.255 + 0.511+ 0.030 +0.061 
= 0.86 
os fo 


4. Since 0.86 < 3.841, null hypothesis cannot be rejected. 











13.71 1. Hy) :0,=9,, H,:0,#60,, @=0.05 
2, Reject null hypothesis if z < -1.96 or z 21.96 





pare? 25945 
500 
BO 1S 
3. gs 400 _200 = OES: 253 








JO. 107)(0.893)(0.0075) ~ 0.0268 
z’ =(0.93)" = 0.8649 = 0.86 = 7” 


13.72 H,:0,=9,, H,:0,>0,, @=0.05 
2. Reject null hypothesis if z 21.645 





82 87 
a pee 20 —— 
500 “J0.338)(0.662)(0.00833) 


4. Since 2.78 > 1.645, null hypothesis must be rejected. 


13.73 H,:0,=0, =0;=90,, H,: not all equal, ~@=0.05 
2. Reject null hypothesis if y* = 7p; ; = 7.815 


e= = = 24 etc. 
A 800 
yee 4+1+81+64 ,Atl+81464 114 
edict a) 24 
200 200 200 


4. Since 7.10 < 7.818, null hypothesis cannot be rejected. 





Chapter 13 


13.74 H,:0,=0, =6;, H,: not all equal, a=0.05 
2. Reject null hypothesis if 77 > 795, =5.991 
360-250 
“600 
Al 


AM 


fo fo fo 


BAO EL pS alge 
— + 


= =0.75 
100 120 90" 100 30” 60 


4. Since 0.75 < 5.991, null hypothesis cannot be rejected. 


13.75 In the following contingency table, the expected frequency is given below the observed 
frequency in each cell. 


























TOTALS 
45 58 49 
152 
45.0 49.8 57.3 
21 15 35 
71 
21.0 23.2 26.7 
TOTALS — 66 73 84 223 
The expected frequencies were calculated as eee = 45.0, etc. 





>» (45-—45.0)? (58- 49.8)? (35- 26.7)” 
Thagee = + Se 
, 45.0 49.8 26.7 
= 0.00 + 1.35+1.20+0.00+ 2.90 + 2.58 = 8.03 





Since Yo, = 9.210, we cannot reject H,, and we have no reason to conclude that the three 
processes have different probabilities of passing the strength standard. 


1. H,,: independent, H, : not independent, 
a=0.05 
2. Reject null hypothesis, if 7° = 795.4 = 9-488 
3.’ = 0.292 + 0.0514 1.471+0.572 
+ 0.000 +1.450+ 0.097 
+0.047 +0.031 
=4.01=4.0 





160 139 61 360 
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4. Since 4.0 < 9.488, null hypothesis cannot be rejected. 
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13.77 1 H,: independent, H, : not independent, 
a=0.01 
2. Reject null hypothesis, if 7° = 75o),4 = 13.277 
H =4.27+ 4.62 + 25.404 0.06+1.82 
+4.11+5.19+0.029 + 7.2 


=52.7 
4. Since 52.7 > 13.277, null hypothesis must be rejected. 


13.78 1. H,,: Venders ship equal quantities 
H,: Venders do not ship equal quantities; @ = 0.01 
2. Reject null hypothesis, if 7° > 75014 = 13.277 


V =0.174+0.12+0.00+ 0.09 + 0.34 
+0.16+0.31+0.01+0.07 


=1.27=1.3 
4. Since 1.3 < 13.277, null hypothesis cannot be rejected. 


13.79 1. H,: percentages same for three cities 
H,: percentages not same for three cities @ = 0.05 
2. Reject null hypothesis, if 7° = 795.4 = 9-488 


H =1.3440.38+0.51+0.05+ 0.00 
+ 0.05 + 0.82 + 0.35+0.21 


=3.71 
4. Since 3.71 < 9.488, null hypothesis cannot be rejected. 





518 322 460 1300 


13.80 f prob e 

19 1/16 10 1. H,: coins are balanced 
54 4/16 40 H,: coins are not balanced 
10/16 60 


23 «4/1640 go 
6 1/16 10 2. Reject null hypothesis if y* > Wace = 9.488 


kRWONrF CO 
Nn 
oo 


xr Soh dy 2 ee ea ea oot seE 018 


10 40 60 40 10 
4. Since 21.9 > 9.488, null hypothesis must be rejected. 
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13.81 
0 
1 
2 
3 
A 
5 
6 
7 or more 
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H,,: Poisson distribution with 2 = 2.4 
H,: not Poisson distribution with 
A=2.4 

a=0.05 

Reject null hypothesis if 

H = Xoos = 12.592 


3. VL =2.47+4.58 41.96 + 2.04 +1.09 +15.78 +1.02 = 28.9 
4. Since 28.9 > 12.592, null hypothesis must be rejected. 


13.82 x= 


0-14+1-164+2-55+3-228 810 





300 300 
oa prob e 
0 1 0.001 0.3 
1 16 f!7 0027 81 
DD 55 0.243 72.9 
3-228 0.729 218.7 


3. H =8.80+4.40+ 0.40 = 13.6 
4. Since 13.6 > 3.841, null hypothesis must be rejected. 


13.83 (a) =x =20 and s=5.025=5 


eee) 
using x =*— ands= 
n 


=2.7 


H,: binomial distribution 
H,: not binomial distribution 
a=0.05 

Reject null hypothesis if 


H = Loos = 3.841 





n(Ses)- (Saf) 


n(n-1) 


where x's are the class marks (midpoints) 


(b) 
9.5 
14.5 
19.5 
24.5 
29.5 
34.5 


z 
—2.1 
-1.1 
—0.1 

0.9 
1.9 
2.9 


0.4821 
0.3643 
0.0398 
0.3159 
0.4713 
0.4981 


0.0179 
0.1178 
0.3245 
0.3557 
0.1554 
0.0268 
0.0019 


Probabilities are 0.0179, 0.1178, 0.3245, 0.3557, 0.1554, 0.0268, 0.0019. 
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(c) Expected frequencies are 1.8, 11.8, 32.4, 35.6, 15.5, 2.7, 0.2 


fe H,: normally distributed random variables 


H,: not normally distributed random variables, @ = 0.05 


fi e 

11 13.6 
37. 32.4 
36 = 35.6 
16 184 


2. Reject null hypothesis if y* > 7595, = 3.841 


3. y? =0.50+0.65+0.00+0.31= 1.46 
4. Since 1.46 < 3.841, null hypothesis cannot be rejected. 


13.84 H):u=300; H,:4<300. Using MINITAB: 
MTB> Ttest 300 C1; 
SUBC> Alternative -1. 
we get 
N MEAN STDEV  SEMEAN T P VALUE 
38 = 284.553 104.220 16.907 -0.91 0.18 
With a P-value of 0.18, the mean failure time is not significantly less than 300 hours at the 0.01 
level of significance. 


13.85 H):u,=,; H,:u,4# 4, Using MINITAB: 
MTB> TwosampleT for C1 vs C2 


we get 
N MEAN STDEV SEMEAN 
Cl 20 57.76 3.66 0.82 
C2 = =20 52.75 5.01 1.1 


TTEST MUCI=MUC2: T = 3.61 P = 0.0009 DF = 38 
With a P-value of 0.0009, we conclude that the difference between the mean drying times is 
significant at the 0.05 level of significance. 


13.86 Using MINITAB, we enter the three columns in this table into C1, C2, and C3, respectively. 
MTB> Chisquare C1 C2 C3 
Expected counts are printed below observed counts. 


Cl C2 C3 Total 
1 36 22 18 76 
35.32 23.91 16.77 
2 63 45 29 137 
63.68 43.09 30.23 
Total 99 67 47 213 


Chisq = 0.013 + 0.152 + 0.090 + 0.007 + 0.084 + 0.050 = 0.397 


From Table V with df = 2, Hoes = 5.991, and we cannot reject the null hypothesis that the 
three materials have the same probability of leaking at the 0.05 level of significance. 


Chapter 14 





(l+y) 
H(x| y) = xe “M$ yy? 


14.1 h(y)= faeroay = 
0 


EQ|y)=(+ yi ee te z=x(1+y) 
0 


S( pee NOs 2 
l+y Ilt+y I+y 











1 
2, 2 3 
14.2 =—|Qx+3y)dy=—| 2-+— 
@(x) 5 x+3y)dy =( *) 
a 2x+3 
= (2x+3y) 2x+3y 
w(y|x) = 7 3) 7 3 
2(2x+3) 2x+— 
2 2 
1 
1 xt+1 (x41 
Hy, =——q | y2x+3y)y = z= - — 
aaa oa > 


oa 3 
ny) = 5 | Qx+3y)ae= 5 (1439) 





2 
=(2x+3 
ep te nila 2x+3y 
2 1+3y 
—(1+3y) 
5 
2 3 


1 


1 4+ 
Hay = 7 [2Qx+3y)ar=3 2 _*+9 
ww 143y4 1+3y  6(1+3y) 





1 











1 
6x 
14.3 = | 6x dy = 6x(1- x), = = 
g(x) Ie y= 6x12), w(y|) =e = 
1 2 
1 1-x l+x 
(|x) =x! eT SGs=a) SB 
i 2x 
h(y) = [6x de =3y" d2|y)=> 
, y 
27 2y 2 
soly= Ff? den % 222 
aes y 3 3 


199 


200 


14.4 


14.5 


14.6 


14.7 
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18 18 
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1 1-x 
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24 
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14.9 y=-xX . y=x E(x) =0, E(xY)=0-— uncorrelated 


E(x" y")= fferna dx+ {fora dx 
00 


-10 





1 mtntl 0 mtntl m+ 
= [acy | a oe 
n+1 “ ntl (n+1)(m+n+2) 


E(x)=0, E(Y)= > E(xY)=0 
“. Oj, =0— uncorrelated 

' 
h(y) = [ a =2y, O<y<l 

2s 


1 
| dy = 14 x for -~1<x<0 








a(xy= 47° 
[ay =1-x for O0<x<l 
1 
for -l<x<Oand -x<y<l 

1+x 
O(y|x) = : 

i forO<x<landx<y<l 

—x 


14.10 var(Y|x) = E(Y?|x)-[E(Y|x)P 
multiply by g(x) and integrate over x 
J var(¥|x) g(x) dx = If g(a) {EW?|x)- [EP Jax 


var(Y |x) = E(Y7)—J g(x)[E(Y|x)P dx 
= E(Y*)-[EW)P - {J} gE | de- Er) } 
= var(Y ) — var E(Y|x) 


= 07 - va +pSes-1)| 


= 0° -p Lo} =010-p" 
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2 
OG, 0,) GO; G0, Oo; 


1+p20 p2-l and 1-p20 pel 


-l<sp<l 


14.12 | x,9(x,)x,,%,)dx, = a+ B(x, — 4) + B04 - fb) 
multiply by h(x,,x,) and integrate over x,,x, and x, 


i, =a+0+0=a 
multiply by (x, — 4, )h(x,,x,) and integrate 
63 = 80, +B, 
multiply by (x, — 4,)h(x,,x,) and integrate 
Op; = BO + BO; 
solve for £, and £, 
_ F303 01203 0730) ~ 0103 


a 


14.13 q= Ly, = bx) 


i=l 


dq : i Q— i=l 
haa tt C2) ly= x; ]= 0 Sg 
iB a B B 


14.14 Sy =n+p> x 
Sy GY 1+ BY 
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14.15 In previous exercise also B = [de 29} = n(Say)-(3)(2») 





letting ¥’x=0 yields Pa g| y) dy 
om nd 


pe n(Yv)_ Yay 
nl) Le 





14.16 q= Se = 2)! (y-a-fx-yx’) differentiating partially with respect toa, and y and 


i=l 
setting the resulting derivatives to zero to obtain the maximum likelihood estimates, we obtain 


81 29 (9,-a- Barf JD=0 
sa 2D (> 20 =x, - 7x; \-x,) =0, and 
5 = 2D (0 — &— Px, - yx; \(-x?) = 0. 


Omitting the subscripts and limits of summation, we can write these equations in the usual 
normal-equation form: 


Sy=ant py xt+y¥ x 
Say =a xt BY x? +y yx 
Vry=ayx +Byx° +7), x 
14.17 Sily-(@- Bor = YN, - y+ BE- Bx P 


= SY 10,;-9)- AG, -»P 
= Sy —2PSy + BS x 





gs. - SS 
= Sy —2B5,y + af = )s. 


= Syy -B S xy 
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a2 
14.18 by Theorem 14.3 “| =n-2 


























(a) E@)="P eee QED 
n 
A2 m 
(b) E no-\_ nin ee 
n-2}) n-2 n 
14.19 (a), =6,|/— ope i 2 
n-2 BITS 2 
(b) Bt tyr n-2° is. 
14.20 = y- Bx with p- YA), from text 
Se 
A yy; _ KEK 
ay. a= - 
(a) Ds a ) 
1 (4,-X) _]_ WS, +k? —nxx, 
3 Sx »F]- nS yi 


(b) Use corollary to Theorem 4.14 and Exercise 7.58 
Since A is linear combination of y's > & has normal distribution. 


—2 = 
E(@) = eS ee feos 
as +nx° a px) 








= 3 
wre, pQ Satta 


(S,,+nx’)nx  ¥ 
er — —— SF 


XX XX 


-a+EIs,, +nX? — dv =e 


XX 





= ae 2 
var(@) = ye us - = | o 





5 [Satter D] 1 mu 
= nS n 


_ (S,, +k?) 
ns 


XX 
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1421 gE pe 


xXx 


= o 
cov(A, B) = bo = 
( ) ya; i nS? 








we 7 NX(x;, —X)](x%; — x) 





Xt — &— a),|nS 
14.22 z= =e ae has standard normal distribution and is independent of Z. 
[segue on|S.. +n 


ns 





xX 


na 


Also ae has 7’ distribution with n—2 degrees of freedom. 


(A= ANS 5 no 1o~ _(a- (A= OJ =2)S .~ 
OS. + nx 1-2 OS. tnx? 


has ¢ distribution with n—2 degrees of freedom 


14.23 Y, = A+ Bx, is sum of independent normal random variables and according to Ex. 7.58 has 
normal distribution 


E(A) + xE(B) = @+ xoB8= E(%|x) 





fo|X0) = var(A) + xp var(B) + 2x, cov(A, B) 





rene Theorem 14.3, 


So = (A+ Xf) _ [nO lo | [$+ (a+ xf) Wn-2, 
sit a ha Gan) n—-2 


4 A n(x-%)" 
S 


XX 


has t¢ debtors with n—2 degrees of freedom. 
14.24 confidence limits are 


ee ae Xa) 





So tte nr" is 


by substituting expression for t oe Exercise 14.31 into 


—tyjrn-2 <t <ty2n-2 and solving by 
simple algebra. 
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14.25 ELY, —(A+ Bxy)] = (a+ Bxy) — (a+ Bx) =0 
var[Y, —-(A+ Bxy)] = o + var(A) + Xe var(B) = 2% cov(A, B) 
Six. (S,,. tnx )or aE Be 2.x9F 59 

nS S S 


XX 





XX XX 


-ofisla? “0 ae 
n 


n 





XX 


Do (@+ Br) [ne 10? _[9-(at Bxy)Wn—2 

~_ +2 =), oe Boy 

ofi+be at Xo) ‘ ae Xo) 
S S 








n XX XX 


14.26 Simple algebra leads to the following limits of prediction: 


n = 2 
x oO N(X9 — X) 
Yo tte n-2° (int 


XX 
































B 
_| 4 |S” o |(n-2)S,, 
B ee 1-r n 
Ses een a QED 
B 1-r° 
_ 2 
(40022 a GND 
B ~~ rin -2 
— 
Betts fou et 
B nA? 
“ 1-r 
B= ot E teyrn-2 | QED 
ryn—-2 
a 529 
1430 1-782 lanes 
17" du=2r dr 
oor m-2) ee 4 
i aa en 
l-r n—-2+t 


dt n—2 dt _ (n-2) aye 
dr (i-ry dr (l-r’y 2rdn-2 








(¥ — xy)? 


XX 


| 
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208 
[> 2 —(n-1)/2 
g(r’) — é 
sri r n-2 
- rd-P Wi-P r aoe r 
= (d- pyre 
r(1- ae i 
EKG "dare beta distribution 
1 n-4 
a-l=-— -l= 
2 B 2 
1 
a DB) 1 
= 2. 
at+B at tae emer | 
2 n 
evn-3) (+ n-p) 
14.31 -z,,< eae 


2 (l-r)d+p) 
= aD <In dd + rd -/p) < 2 Za? 
n—-3 (= nip). am=3 
eo 22anNn-3 < d+nd—p) <e (2Z¢i2 /Vn-3 
d-r)(+p) 

C=) 6 CzanNr3 ITP GAY jenni 
(+r) I+p (1+ r 
(=n) e7Pann-3 <P iy or ae e (22a Vn-3 
ee l+p <a ce 
pl 1+ Le Tg zanVNn3 | cy (=?) eo 2a Nn-3 
l+r (+r) 


1+ p:-—— 


elt ra (re Cann 


and 
(22q)2 )/Nn- 


= Ais r+(d-rje 
Aji + Te >1- Gas 


1+ (+r) 
5 lt r= (= nee 


“Tere (l=njeteors 
ltr-(1- eee Lt r= (ne anes 


l+r+(Ud—r)e 


NS 
(22912 )/Vn—- “p= l+r+(1- rye (P2andiNn-3 
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2 
r 1 ie. 
14.32 Substitute S. = es f. 
BD Po “pea 
and 


into r= 


14.33 g=(Y — Xb)'(Y — Xb) 
= {Y’—(Xb)’}{Y — Xb} 
=Y’'Y —Y'Xb-(Xb)’Y +(Xb)’ Xb 
since Y’Xb is |X , anumber, not a matrix, Y’Xb = (Xb)’Y 
q=YY -2YXb+b’X Xb 
vector of partial derivatives is 
—2(Y'X)’ +2X Xb =-2X'Y =2X Xb 
put equal to zero yields 
-2XY+2X Xb=0 





b=(XX)'XY QED 
14.34 L(b Oo) = 1 e720? \Y—xby ¥-Xb) 
To maximize L minimize (Y — Xb)’(Y — Xb) as in Ex 14.33 
(a) .. maximum likelihood estimates = least square estimates 


(b) asin simple regression 


n n 1 
InL =-—In2z-—Ino’ -—~(Y — Xb) (Y — Xb 
e a tes 20 | yt ) 


olnL n 1 1 
— = -—- + — + (Y — Xb) (Y - Xb) =0 
oo 2a" a0" ms 
together with oni we get 
db 
Co = = (Y — XB)/(Y — XB) QED 
n 


14.35 (Y — XB) (Y — XB)=[(Y —X(XX)' XV) [Y-X(XX)' XY] 
=Y"[I-X(XK)' XJ - X(XK) |x’ 
=Y’[I-X(XX)'X’y 
=YY-YX(XX)'XY 
=YY-BXY QED 


209 


210 

14.36 B=( 
(a) 
(b) 
(c) 

14.38 8-1 

14.39 (a) 
(b) 


XX)'XY 
E(B) =(XX)'!XE(Y) 
=(XX)'XXB=B 
E(B,)=B, for i=0,1,2,...k 


var(B) = (X’X) 1X’ var(Y)[(X’K) 1X’ 
=(XX)'X’o [(XX) 1X’) 
=o (XX)! 

var(B,) = c,,0° for 0,1,2,...k 


cov(B) =(XX)!X cov(Y)[(XX) 1X’) 
=(XXY*o ICXX) XT 
= 0° (x’x)! 

cov(B,, B,) = Co fori # j=0,1,...k 


n\c.. A nic..- 
a2 i ~ ii 
oO <B<fBh+t G,| 
12,n-k-1 /2,n-k-1 
al2n ae eae i i a/2,n HERA 


B’X, = (GB)(X5) = &+ Bx, = Jo 























SS. «oe 
(xX xy nS .. Six 
x 1 
Sy Sy. 
XX)! = Sx +nx’ —NX)X —X + Xo 
ns, Sx 





S S. +nx? —nx,X% —nx,x +nx- 
Xj(XX) xX a= XX 0 0 0 





ns 
NX) - xy 


S 


XX 


n[Xj(X‘X)'X,]=1+ 
is (So My |x, IN — 2 
—\2 
S 


XX 








: oh 5 B 
confidence limits are B’X, + tan sid] 


n[X5(XXK)'X, 
n-k-1 
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14.40 (a) 


(b) 


14.41 (a) 


(b) 


14.42 (a) 


(a) 
(b) 


From 14.39 

BX, = &+ BX, 

S., +M(X%) —X)° 
ns 


_=y2 
nll + X{(X XTX y]= tS tno eee ED 2iyieaet 


XX XX 


Xj(X KX) X, = 


XX 


n(X%)— x)" 


,— 07+ Bra -2 
rou Len tor)” 
S 


XX 








nfl+ Xj(XK)'X5] 
n-k-1 





; a2 j f 
confidence limits are B’X, + taansid] 


n=5, Sx=7.69, Sx? = 14.0225, Yi y=447.9, xy = 697.608 Thus, 
S., = 14.0225 -(7.69)* /5 = 2.1953 = 2.1953 and 
Sy, = 697.608 — (7.69)(447.9) /5 = 8.7378. 


8.7378 447.9 7.69 


Finally, B= = 3.98 and & = ——— — 3.98 — = 83.46. 
2.1953 5 5 





If x= 1.3, y is estimated as ) = 83.46 + (3.98)(1.3) = 88.63. 


n=7, ¥x=70, ¥x°=812, Vy=68, Vy? =952, Waxy =862 


S, =812- 





(70)? =812—700 = 112 





S, = 862 ——(70)68 = 862 — 680 = 182 


Sy, =962- =(68) = 962 — 650.5714 = 301.4286 
. . 68 
p=— =1.625 d= — (1.62510 


= 9.7143 -16.25 = -6.5357 
y =-6.5357 + 1.625x 


Jy =-6.5357 + 1.625(7) = 4.8393 


14.43 n=12, Yi x=854, S\x? = 64.222, Sy =876, Sy? = 65,850, S) xy = 64,346 


Sy = 64,222 — = (854° = 64,222 — 60, 776.333 = 3445.67 


Sy = 64,346—- = (8541876) = 64,346 — 62,342 = 2004 


p= 





2004 


=0.5816  G@=73-(0.5816)(71.1667) = 31.609 
3445.67 
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(a) y=31.609+0.5816x 
(b)  $=31.609 + 0.5816(84) = 80.45 


14.44 n=12, Yi x=507, Mx? = 22,265, VW y=144, Wy? =1802, S\ xy =6314 


S,. = 22,265 - = (507) = 844.25 


Sy = 9314- = (507)(144) = 230 


B= ga = 0.2724, ee - (0.2724) 227 =0.4911 
844.25 12 12 


(a) y=0.49114+0.2724x 
(b) y=0.4911+(0.2724)(38) = 10.8423 





14.45 n=6, ¥x=42, Wx? =364, VW y=7.8, Vy? =10.68, xy = 48.6 


S,, =364- = (42)" =70), 8.2 48.6~ = (42)(78) =-6 





p= aus —0.0857 and @= Le. (0.0857) <2 = 1.8999 
70 6 6 


(a) y=1.8999—0.0857x 
(b)  $=1.8999 —0.0857(5) = 1.4714 


14.46 5 y xy 
-3 1 -3 
2 3 =e a= 897143 
1 6 -6 . 
0 8 B= = =3,25 
1 14 14 . 
2 16 37 -«(a)-—- § = 9.7143+3.25x (coded) 
3 20 60 (b)  $=9.71434+3.25(-1.5) = 9.7413- 4.875 
2S 91 = 4.8393 
14.47 x y xy 
-5 18  -9.0 eee 
3 1.5 -A5 Sir =70, @-/3~13 
1 14. -14 Sr M6 
1 1.1 11 Poa ee! 
3 11 3.3 : 
5 0.9 45 (a ~ $=1.3-0.0857x (coded) 


78 60 (b) $=1.3-(0.0857)(-2) = 1.4714 
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14.48 Xx y xy 
2 1.4 —2.8 7 ~ 13.3 
=10, @=——— =2.66 
-1 21 21 5 
0 2.6 4G 
1 3.5 3.5 B= qo. 0.6 
2 af. 74 - 


Sixth year y = 2.66+0.6(3) =4.46 million dollars 











14.49 x y y'=logx xy’ 
1 20 0.3010 ye = 146 
2 24 0.3802 
4 51 0.7077 4.4880 = 6logd + 26 log B 
5 73 0.8634 _ A P 
Stan cee 24.1484 = 25(log &) +146 log B 
8 18.3 1.2625 4.4880 26 
26 4.4880 24.1484 , [24.1484 146] 27.3896 
~ 16 26] ~~ 200 
26 146 
= 0.13695 &=1.371 
| 6 4.4880 | 
~ |26 24.1484 
log B= = SOEUR iano 
200 200 
B=1.383 $ =1.371(1.383)" 
14.50 x’ =logx y’ =logy 
x y x’ y’ 
50 108 1.6990 2.0334 »=5 Yi x =11.7659 
100 53 2.0000 1.7243 y 
250 24 2.3679 1.3802. > (a’)? = 28.77815 Y' y’=6.7911 


500 9 2.6990 0.9542 


y= 14,8439 
1,000 5 3.0000 0.6990 yy 





S vy = 28.77815- stl 1.7659)? = 28.77815—27.68728 = 1.0909 


Syvy = 14.8439 —- stl 1.7659)(6.7911) = 14.8439 — 15.9807 = —1.1368 


~ —1.1368 
2 1.0909 








=-1.0421 log @= ee + (1.0421) a 


= 1.3582 + 2.4522 = 3.8104 a = 6,460 
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(a) Y = 6,450x 17! 
(b) log } =3.8104 —1.0421(2.4771) = 3.8104 — 2.5814 = 1.2290 
$=17.3 ($17.30) 


Since the calculations in Exercises 14.51 through 14.61 are fairly extensive, answers may differ 
substantially due to rounding. 


14.51 n=7, B=1.625, S,,=112, S,, =182, S,, =301.4286 
1. Hy: B=1.25, H,:B>1.25, a@=0.01 
2. Reject null hypothesis if t 2 t 9,5 = 3.365 





3: o= J 1301.4286 — (1.625)182] = 0.9007 


= (1.625—1.25) {5(112) 
0.9007 7 
4. Since 3.7235 > 3.365, null hypothesis must be rejected. 





= (0.4163)(8.9443) = 3.7235 


14.52 n=12, B=0.2724, S,, = 844.25, S,,, =230 


S,,, = 1802 — = (144)? = 1802—1728=74 from Ex 14.18 





C= ‘e [74 — (0.2724)230] = 0.9725 


pee ERD ol) Mere) 2 DONO pe kona) a1 45 
0.9725 12 0.9725 


1. H,: B=0.350, H,:8<0.350, a@=0.05 

2 Reject null hypothesis if t S$ —f 9519 =—1.812 

3. t=—-2.12 

4. Since t= —2.12 <—1.812, null hypothesis must be rejected. 





14.53 n=8, })x=1447.5, ¥) x? = 264,290.5, SY y= 1864.5, SY y* = 439,901.6, 


SS yy = 264,290.5— 5 (447.5) = 2383.469 
SS yy =340,915.9- 5 (1447.5)(1804.5) = 3557.911 


Syy = 439,901.6—- 5 (1864.5) = 5356.599 


»  3557.911 
a = ————_ = 14,927 
ey. <P 2393.469 


1864.5 1447.5 


Of = —— — (1.4927) = —37.023 
8 8 





y =-37.023+ 1.4927x 
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— 


(b) H, : B=1.30, H,:B>1.30, a=0.05 


2. Reject null hypothesis if t > ty 95.5 =1.943 





3. o= it [535.599 — (1.4927)(3557.911)] = 2.3866 


t= 1.4927 1.30 © (383.469) = 3.413 
2.3866 8 


4. Since t= 3.414 > 1.943, null hypothesis must be rejected. 


14.54 n=12, S,,=3445.67, S,, = 2004 


B=0.5816 from Ex. 14.43 


1 2 
8, = 65,850— — (876)" = 1902 





O= Luo — (0.5816)(2004)] = 7.8341 


confidence limits are 0.5816+ (3.169)(7.8341) os 
10(3445.67) 


0.5816 + (3.169)(7.8341)(0.01866) 
0.5816 + 0.4632 
0.1184 < B<1.0448 

14.55 n=6, B=-0.0857, S,,=70, S,, =-6 


xy 


Mee 
S,, = 10.68-—(7.8)° = 0.54 





O= ue (0.54 — (—0.0857)(—6) = 0.06557 


confidence limits are —0.0857 + (3.747)(0.06557) won 
4(70) 
—0.0857 + 0.0360 


—0.1217 < B< -0.0497 


14.56 n=10, S,,=376, S,,=1305, &=21.69, B=3.471 
1 2 
S,, = 36,562 - = (564)? = 4752.4 


1. AH, :@=21.50, H,:@#21.50, a=0.01 
2s Reject null hypothesis if t <-3.355 ort 23.355 (ty958) 





3. 6= te [4752.4 — (3.471)(1305)] = 4.7196 


fe (21.69 — 21.50)./8(376) ~ 0.0183 


4.7196,/376 + 10(37.6)" 


4. Since t = 0.0183 falls between —3.355 and 3.355, null hypothesis cannot be rejected. 
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14.57 n=6, x=9, Vx? =16.94, Sy =20.9, Sy? =80.47, Y xy = 36.45 
S, =16.94- =(9) = 3.44 


Sy = 96.45 — =(9(203) =5.1 


! 2 
8, = 80.47 — = (20.9)° = 7.6683 


(a) B= = = 1.4826 and @= = — (1.4826)(1.5) — 1.2594 


$ =1.2594 -1.4826x 


(b) 1. Hy: a@=0.08, H,:a@>0.08, a@=0.01 
2. Reject null hypothesis if t 2 —t9 9,4 = 3.747 





SF o= it [7.6683 — (1.4826)(5.1)] = 0.1336 


pe. (1.2594 —0.8),/4(3.44) - 3.10 


(0.1336),/3.44 + 6(1.5)” ; 


4. Since t= 3.10 is less than 3.747, null hypothesis cannot be rejected. 





14.58 n=7, &=-6.5357, S,=112, t= =10, &=0.9007, fo.ons.s = 2.571 


q 
Deees (2.571)(0.9007),/112 + 7(10)" 
/5(112) 
(2.3157)(28.4956) 
23.6643 
~6.5357 + 2.7885 


—9.3242 < a <-3.7472 





—6.5367 + 





14.59 n=12, &=31.609, B=0.5816, S,, = 3445.67, 6=7.8341, ¥= 2 = 71.1667, 


1o.005,10 = 3.169 





(3. 169)(7.8341)/3445.67 +12(71.1667)? 








31.609+ 
10(3445.67) 
31,609 + (24:8263)(253.4207) 
185.6252 


31.609 + 33.8936 
—2.2846 < a < 65.5026 
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fi 10(14-10)° 
376 


8 


1 
14.60 (a) = 70.284 + (2.306)(4.720) 


70.284 + (3.8482) V1 + 0.4255 
70.284 + (3.8482)(1.1939) 
70.284 + 4.5945 

65.6895 < fly). < 74.8785 


(b) 70.2844 (3.8482)V11.4255 
70.284 + 13.0075 


Limits of prediction are 57.2765 and 83.2915 
14.61 n=7, S,,=112, X=10, x) =9, to 09,5 =4.032, G=0.9007, 
Jy = —6.5357 + 1.625(9) = 8.0893 


2 
(4.032)(0.9007), [1 +2210” 
(a. “S00 ea 


V5 
8.0893 + (1.6421)/1.0625 
8.0893 + 1.6741 
6.452 < Ly < 9.7634 


(b) 8.08934 (1.6241)V8.0625 
8.0893 + 4.6116 


Limits of prediction are 3.4777 and 12.7009 


14.62. §, =-6.537 + 1.625-20 = 25.963 
as 2 
4.032-0.9007, [1 +7019) 
(a) ‘The confidence limits are 25,9634 E 12 25.963+44.373 
4.032: 09007, 147+ 


V5 








7(20-10)* 


112 


(b) The limits of prediction are 25.963 + or 25.963+13.709. 





14.63 (a) | Using MINITAB 
MTB> Regress C2 on 1 Cl 
The regression equation is 
C2 = 2.20 + 13.3 Cl 


(b) We calculate: x=45.8 Yi x? =260.46 S' xy =3,558.42 
YS) y = 630.0 Sy? = 48,735.06 
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Therefore, S,,, = 260.46—(45.8)" /10 = 50.70 
S,, = 48,735.06 — (630.0) /10 = 9,045.06 
Sy = 3,558.42 — (45.8)(630.0) /10 = 673.02 


The 99% confidence limits for # are 


n e n : 10 
=t,.,0 }—————-: numerically, 13.27 +(3.355)(3.38),|———_—_ 
P= torn 2°) Gay 2 C2998: 38), 550.70) 


where 0 995.3 = 3-355. Table IV) and 





O= 19,045.06 — (13.27)(673.02)] = 3.38 


Thus, 99% confidence limits for 8 are 13.27+1.78, or (11.5, 15.1). 


14.64 Using MINITAB 
MTB> Regress C2 1 Cl 
The regression equation is 
C2 = 1.09 + 0.0131 Cl 


(b) We calculate: yx = 340 ae = 15,500 Sixy = 573.10 
Yi y=13.16 }'y? = 21.9072 
Therefore, S,, =15,500—- (340)? /8=1,050 
S,y = 21.9072 - (13.16)? /8 = 0.259 
Sy =573.10—(340)(13.16)/8 = 13.80 


To test Hy: 8=0.01; H,:8>0.01 we calculate 


a B-B, [(n-2)S,,. _ 0.013-0.010 {(6),050) 28h 
ro n 0.100 8 ; 


where G= . [0.259 — (0.013)(13.80)] = 0.100 





Since fy 95 = 3.707 , we cannot reject the null hypothesis at the 0.05 level of significance. 
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14.65 


14.66 


14.67 


n=20, ¥)x=688, })x* =24,282, SW y=703, SY y? =25,555, }! xy = 24,582 


Sy = 24,282 — 55 (688) = 24,282 — 23,677.2 = 614.8 
S,y = 25,555— 5 (703) = 25,555 — 24,710.45 = 844.55 


Sy = 24,582 — 55 (688)(703) = 24,582 —24,183.2 = 398.8 








3988 3988 gaa 
(614)(844.55) 720.5757 
a= V17 1553 = (2.06)(In 3.474) = 2.06(1.24530) = 2.565 
2 0.447 


1. Hy: p=0; H,:e#40, a=0.05 
2. Reject null hypothesis is z <—1.96 or z 2 1.96 


3. c= MIT 9 1553 _ 5 565 
2 0.447 
4. Reject null hypothesis; value of r is significant. 


1.553-0.447e" 907 1.553-0.4476 0%! 
1553404476" ~?*155340.4476™ 


1,553-0.447(2.59) _ _ _ 1.553-0.447(0.386) 
1.553+0.447(2.59) “~~ 1.553+0.447(0.386) 








0.395 — ,< 1.380 0.15< p< 0.80 
2.711 1.726 


n=33, })x=2550, ¥)x° = 238,960, YW y=861, }) y= 25,313, Y xy = 74,476 

S.. = 238,960 —197.045.45 = 41,914.55 

Sy =25,313— 22,464.27 = 2,848.73 

S,, = 74,476 — 66,531.82 = 7,944.18 

7a 9418 _ 999 
10927.18 

i, Hy: p=0; H,:9#0, a=0.01 

De Reject null hypothesis is z <—2.575 or z 2 2.575 


30. 19787 


3: = — In — = (2.739) 1n 6.326 = (2.739)(1.845) = 5.05 
Ay nas ( )In ( )(1.845) 


4. Reject null hypothesis; value of r is significant. 
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14.71 


1727-02732" y Li2T= (0.273)e°™4 








<p 


1.727 + (0.273)e°"* ~ 1.727 +(0.273)e°"* 


1.727—0.699 — ec 1.727-0.107 
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1.727+0.699  “ — 1.727-0.107 
BORD ge ON 0.42 < p< 0.88 
2.426 1.834 
[i- 75) eee = 49.306 
3.471) \/1—0.976" 
[1 - a 2 1OED 245506 
3.471) 0.2178 
;--F_ ~ 40.189 F_ 140.189 
3.471 3.471 
2.84 < B< 4.10 
x y n=10, }'x=167, })x* =4755, Sy =288, Sy? =11,374, 
12 27 
26 36 diy = 7112 
0 9 1 
4 5 S,, =4755-—(167)° = 4755 — 2788.9 = 1966.1 
, 10 
39 53 : 
1 16 Sy =11374-— (288) = 11374 - 8294.4 = 3079.6 
20 32 10 
4 3 1 
=7112-— = 7112 — 4809.6 = 2302.4 
a , S,y = T112— — (167)(288) = 71 12 — 4809.6 = 230 
35 63 
ae 2302.4 _ 2302.4 _yo36 
/(1966.1)(3079.6) 2460.65 
23 28 «433 «438 «(43 nee 
Saf =855 Wx? f = 29,855 
a ie ; SS, = 29,855 —29.241= 614 
28 3 | 1 4 Yi yf =880 Sy? f=31,830 
Be 4 5 2 9 S,, = 31,830 -— 30,976 = 854 
38 ale aie 6 Df = 30,655 
1 
43 1 | 3 4 S,y = 30,655 — >= (855)(880) 
48 1 1 = 30,655 — 30096 = 559 
559 559 























25 


=0.772 





a = 
J(614)(854) 724.1 
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1. Hy: p=0; H,:e#40, a=0.05 
2. Reject null hypothesis is z <—1.96 or z 2 1.96 





















































3 eS v2 |, 1.772 =4.81>1.96 
2. 298 
4. Reject null hypothesis; the value of r is significant. 
14.72 Jos aq oy. . SI n=25, Six =6, Six’ = 26 
= 2 
calls 1 DH, Dy’ =39 
1 
| cra Ve f. Sie 26 -=(6)" = 26-1.44 = 24.56 
7 ie cee lee 9 § =39-— (1? =39-4.84= 34.16 
25 
: PLATE) & Spy =44344464+24+6=25 
2 | ee 4 
S,y = 25- 55(6N1 1) = 25-2.64 = 22.36 
Fi, = 22.36 22.36 
r= = = 0.772 
L- Seo 2 /(24.56)(34.16) 28.9650 
14.73 
xX 
-] 0 1 Yiaf =-60, Sx’ f = 210 





=f 63 42 15] 120 

y Oo} 58 61 31] 150 

1 14 47 39} 90 Sf =-30, Sy’ f =210 
135 150 75 400 











s. =210-—-(-30)? = 210-2.5 = 207.5 
2 360 
Yi yf = 63-15-14+29 = 63 
1 
S,. =63-——(-60)(-30) = 63-5 =58 
3 565 (00-30) 
pase OES ee 8 2s 
/200(207.5) 203.7 


Z= en = 9.4471n1.80 = 9.45(0.58779) = 5.55 


Z=5.55> 2.575 is significant 





S,.= 210-—_(-60)? = 210-10 = 200 
‘ 360 
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-] 0 1 Sif =-1, Mx? f = 237 

-1| 67 64 25] 156 

y 0} 42 76 56] 174 

119 23. 37) «70 \yf=-86, | yf =226 
119 163 118 400 








S,, =237- : (-1)? = 237-0 = 237 
i‘ 400 











Ss... = 226-—_(-86) = 226 -18.49 = 207.51 
” 400 
Yi xf = 67 -25-10+37 = 69 
1 
S.. =69-——(-1)(-86) = 69 — 0.215 = 68.8 
- os )(-86) 
68.8 — 68.8 _ 








r= 0.31 
J237(207.51) 221.8 
z= Sn = (9.96) In 1.90 = (9.96)(0.64185) = 6.39 


z= 6.39>1.96 > significant 


14.75 (a) __ Using the data of Exercise 14.63 and MINITAB: 
MTB> Correlate C1 C2 
Correlation of C1 and C2 = 0.994 


(By pa ee ye ee args 
2 i? 0.006 











Since Z> 2975 = 1.96, we reject the null hypothesis of no correlation. 


14.76 (a) __ Using the data of Exercise 14.64 and MINITAB: 
MTB> Correlate C1 C2 
Correlation of C1 and C2 = 0.837 


n-3 l+r 8-3 1.837 
-In = -In = 


be Ze z S 
Oe (> 0.163 


2.71 








Since Z> Zo 95 = 2.575, we reject the null hypothesis of no correlation. 


14.77 (a) B= 14.56, B =30.109, B, =12.16 
§ = 14.56 +30.109x, +12.16x, 
(b) $=$101.41 
14.78 (a) 8, =-0.627, B= 0.0972, B, =0.662 
(b) $=29.05 
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14.79 (a) ) =-124.57, B= 1.659, B, =1.439 


(b) $=63.24 


14.80 2, =197.68, B =37.19, B, =-0.120 
§ =197.68+37.19x, -0.120x,; $= 70.89 


14.81 £2, = 69.73, B =2.975, B, =-11.97 
y = 69.73 + 2.975z, -11.97z, where the z,'s and z,'s are the coded values; 
i 


71.2 (difference due to rounding) z,=0.5, z, =0 


14.82 2, =-2.33, £ =0.90, B, =1.27, B, = 0.90 
y =—2.33+0.90x, +1.27x, + 0.90x, 


14.83 2, =10.5, 8 =-2.0, B, =0.2 
y =10.5—2.0x+0.2x? 
y =5.95 


14.84 B= 384.39, 2 =-36.00, B, = 0.896 
§ = 384.39 — 36.00x +0.896x" 


14.85 t= 2.94; the null hypothesis 4, =0 cannot be rejected. It is worthwhile to fit a parabola. 
14.86 2723 < B, < 10,957 

14.87 t=0.16; null hypothesis cannot be rejected 

14.88 13.7< f, <46.5 


14.89¢=—-4.18 reject the null hypothesis 


14.90 0.244 < £, < 1.08 


14.91 288,650 < My), < 296,220 


14.92 292,785 +19,048, (273,737 — 311,833) 
14.93 74.5< My 417 <128.3 (in $1000) 


14.94 101.4+57.4, 44.0 and 158.8 (in $1000) 
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14.97 (a) 


14.98 (a) 


(b) 


14.99 (a) 


(b) 
(c) 


(d) 


14.100(a) 


(b) 
(c) 


(d) 


14.101(b) 
(c) 


(e) 


(f) 


14.102(b) 


(c) 
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Using MINITAB, we enter the values of yin Cl and x,,...x, in C2,...C4. 


MTB> Regress C1 on C2 C3 C4 
The regression equation is 
Cl = —2.33+0.900 C2 + 1.27 C3 + 0.900 C4 


Using MINITAB, we enter the values of yin Cl and x,,...x, in C2,...C4. 
The regression equation is 

Cl = 2,906 + 5.46 C2 + 20.1 C3 — 120 C4 
¥ = 2,906 + 5.46(90.0) + 20.1(65) — 120(20) = 2,304 


Using statistical software to fit the plane, we obtain }=170—1.39x, + 6.07x,. 


R? = 0.367 ; the regression equation explains only 36.7% of the variability of y. 

A computer-generated plot of the residuals against ) shows an apparently random 
pattern. 

The correlation of x, and x, is — 0.142, suggesting little or no multicollinearity, (This 
correlations is not significant at the 0.05 level of significance. 


Using statistical software to fit the surface, we obtain 

y = 2,097 + 6.34x, +12.9x, —61.5x,. 
A computer generated normal-scores plot suggests little departure from normality. 
A computer-generated plot of the residuals against ) shows an apparently random 
pattern. 
The correlations among the independent variables are 
= 0.133, foo 0.344, ee 0.192 . Since none of them is significant at the 0.05 
level of significance, we conclude that there is little or no multicollinearity among the 
independent variables. 


Using statistical software, we find } = 86.9 —0.904.x, + 0.508x, + 2.06x; . 
The correlations among the independent variables are 
= -0.142, oo —0.218, ae 0.421. Although the correlation between x, and 


Frau 
x is 0.421, a bit high, none of these correlations is significant at the 0.05 level. 
The standardized regression equation is 

§ =47.5—24.84x, +15.0x,° +70.2(x, )? 


A computer generated plot of the residuals seems to be random. It is noted that the 
residuals are much smaller than those of Exercise 14.99. 


Using statistical software, we find 
y =11,024 —98.2x, —170x, +2.70x, +185x,x,. 


The correlation matrix is: x; X, X3 
x, 0.133 
x, 0.344 0.192 
Xx, 0.729 0.769 0.325 


Standardization is strongly recommended as two of these correlations are high. 


Chapter 14 


(e) 


(f) 


The standardized regression equation is 
§ = 2,218—261x, —192x, +4.2x, +446x,'x, . 
The multiple correlation coefficient is 0.970, compared to 0.346 for Exercise. 


, , , 


The new correlation matrix is: x; X, X3 
%  w0133 
x; 0.344 0.192 
x,%, 0.515 0.218 ~0.452 


Note the reduction in absolute value of the correlation coefficients involving coos . 
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nH -%,) : 
15.1 il = xX, —2X,X +X 
a-l ie 
in ae an —2 
G14.) a= 











15.2 sst =>. SG, -£ 
i=l j= 


a 


n a n 
= 2 a= 5 


i=l j= i=l j=l 





a iD (Be 
2 Vid -2-—= 74S . 
: na 








ij 
i=l j= na 
a n 
- ee 
= Xi T 
mel ha na 
i=l j= 


SS(Tr) = a> Gi, ae 


a a a 
=n) ¥, -2n)) x, tnx 
i=l] i=] 


i= 








a T2 
=n)! 5 - 2nk_ (ax) +nax? 
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15.3 Sy G; -x) 


i=l j=l 
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“SSG, -%)4(y-3P 


i=l j=l 


= YG, -5+Y VG, -%," 


i=l j=l i=l j=l 


since YY, -¥F ay -F)= NG, -F) Vy -F, 
j=l j=l 


i=l j=l 
a Nn; a iN; 
ae) = )\2 
PAC ee yyy -H) 
i=l j=l 


i=l j=l 


)=0 


a 
SinG@.- 2+ 
i=l 


T 
SST is such that eas is value of random variable having 7 distribution with 


o 


» n,; -1= N-—1 degrees of freedom. For each i, 


1 2 25 
ae y (Xj - x, )° is value of random variable 
i=l jal 


| scp is value of random 


o 


variable having Sn; —1)=N-a degrees of freedom. Also > is value of random variable 
i=l 


having y’ distribution with n, —1 degrees of freedom, so that 


having vr distribution with a—1 degrees of freedom. 


15.4 set =. - 2) 
i=1 j=l 





i=1 j=l i=1 j=l i=l j=l 
“WN? 22, la eo la 
= py 0 ge Di ae 
SS(Tr) = dag, x)= Yaz -25 Sinz, Yaz 
i=l i=1 i=] i=] 
=" owe ne =e 


SSE = SST —SS(Tr) from identities of Exercise 15.3 
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ee 
15.5 SS(Tr) =n (X,. -xy +N (%, ome x x = NX, TNyX, 
n, +N, 


_ _ \2 _ 2, He 
_ Wx, —n,Xx _ WX, —N4x 
=n,| %,- ies ea) 2 +m] %,- 1%, Mo 





ny, +n, n +n, 
= = \2 = a SN2 
Bey nL rm | i ea 
"on tn, *\ mtn, 
nn; nn 
Se ee tee) 
2 1. 2 9\"1 2: 
(n, +n,) (n, +n,) 
— 
MN, (x -z,) (4%, 7%.) 
7 1 Xo) = 1 1 
(nm, +N) sei 
1 eos 


SSE = YO, Z x.) + ys = x): =(n, - 1)s? +(n, - 1)s; 
jal = 


=(n, +n, —2)s p 


_ GH) | (tm —2)s*p 





F 
Awd n, tn, —2 
i 

2 2 QED 


15.6 u =Y¥ by, —(u+a,)P +ALa, 


i=l j=l 


M29 Say —U +a =D) =0 
Ou i=l j=l 


>> Pad es 
i=l j=l i=l 
=o: -—(u+a,)\(-lI)+/A=0 
00, 4 : 
sum over i; =—Nx_+Nx +A=0 A=0 
Yi lx; -@, +@,)]=0 
j=l 
n,X, —njX_—n, a, =0 G=X,— x, 
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15.7 per -xy 


i=l j=l 


=YYIc, —X% )+(%,-*%)+(ay-%,-¥, + XP 


i=l j=l 


- "LG, -z) rabies, ag 
fs j= 


+0, -%,-2)4+5) 


i=l j=l 


lS, -7)Y(,- “| 
i=l J=l 
Bes 22 Ga =e =) 
i=l j=l 
23, -5) Dy -F,-¥, a) 
i=] 


J=l 


a 


(x; -%,)° nd (a; -x) rad le, =: 


n 
i=l j=l i=l j=l 


+ YY Gy, - 3-5) 45)" QED 
i=l j=l 


158 uw, =uM+a,t+B, 


Yuta, +B)=- Yue Y Ya +s, 


i=l j=l i=l j=l i=l j=l i=l j=l 


then since Sa, = 0 and YB =0 
i=l j=l 
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ax = aD ay —2 _ —2 
15.9 ———* Xs =X = — X.- 2D 4 + 
| > vi 7) | dl J X 5X, x. ] 











aod — a _, 

—n-lS jie a | 
a lin Neg ax oe... > an o 7 
el Gy =" 32 iw? 2 (H | 











_ na 1 awp 
arma e ee eae 





jal 
=o +— . F see also 15.1 
pa ( ) 
15.10 SSB=a) (%,-¥.)° 
j=l 
=a) x; 2a) 5m +a) x° 
j=l j=l j=l 
nT? 
= ay) —4—2aX (nx_)+nax? 
ja & 
i 1 
=-)rj-— (0. QED 
a“ na 


15.11 w= Ut+a,+B,+p,+(ap); 


a ber a b r a b 
Vy Ait = rbasl+ rb>' a, +ar>' B, +ab>' p, +r) > (a); 
i=l j=l k=l 


i=l j=l k=l i=l j=l 


But 


a b r b 
Ya=VB=Np,=0 also Naf), =0; -.+rH Y (af); =0 
i=l jl k=l jel 





Finally 
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15.12 Dropping the indexes of summation for simplicity, we have 


yD Ge =) a) De Ge 
Sh ee ar a 


six cross-product terms. 
To indicate the proof that all cross-product terms sum to zero, we take the following example: 
ee ee 
20 YS Gi. XX + XM Xp — xy TX ye T x) = 
ij k 


29) i. TX Tj, +¥_)>) Gp TX TX 1X.) 
ij k 








The summation on k equals zero, which completes the proof. 


15.13 By Theorem 15.5, 


SSA=rb}'(%,-%_)° = ap) i | = rb) %,, — rhax.’ 
i=l i=l 


i=l 


Now, 
T. T 
x, =—andx =— 
“rb rba 
Thus, 
ST 
SSA = rb - = +l -C 





gta = 
2 (rb) (rba) rb 


The proofs for SSB and SSR are analogous. For SSJ, we have 
a b 
SSI =r DY Gy i, Ht EY 
i=l j=l 
Using the identity 
Xj. = Xj, a Xj. = aay 
we can write 


= (54, — ~~ 7 ED 


881 =r) Y[G,- 3, +, - BP +8, - Fz)? ] 
= 27 YY [G). - BIG, -FI+ Gy, EP, DFE, HE IE, ED] 


=r> YG, -%, + SSA + SSB-2SSA-2SSB-0 


a b 
2 
deh GASSAK SSR 


r 
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15.14 First we write the identity 


Xk) —%.. = (X;.. eae ee Car —X )t+(ay —X_)+ (XG Siam aay +2Xx_) 
Then we square each side of the equation and sum each term on i andj from 1 to n. 
Recognizing that each of the cross-product terms sums to zero, we are left with 


n n n n n 
589, ah NRO tn" nia eRe eg 
YY Giw -*) =n) (%,-X,) +n) (%;-%,) +n> (a) -*,) 
i=l j=l i=l j=l k=l 
n n 
a ee 
+> YC —X;,- Xj — Xp) +2X_) QED 
i=l j=l 


15.15 The left-hand side of the identity in Exercise 15.14 is the total sum of squares, SST; the terms 
on the right-hand side are, respectively, the row sum of squares, SSR, the column sum of 
squares, SSC, the treatment sum of squares, SS(77r) and the error sum of squares, SSE. Thus, we 
can write the following analysis-of-variance table for the Latin square of size n. 























Source of Degrees of Sum of Mean F 
Variation Freedom Squares Square 

Rows n—-1 SSR SSR /(n-1) MSR / MSE 
Columns n-1l SSC SSC /(n—-1) MSC / MSE 
Treatments n-1 SS(Tr) SS(Tr)/(n-1) MS(Tr)/ MSE 
Error (n-1)(n-2) SSE SSE /(n-D(n-2) 

Total a | SST 








i. 


2 
where ssa = Hf a -C; ssc=5(Siz,) -C; 


n 


2 
1 = 1 n n ‘ 
SS(Tr) = 1 Xs —C where C = Tr dy Dit 


k=l j=l i=l 


15.16 a=3, n=8, T, = 456.8, T,, =473.4, T;, =547.6, T. =14778, 
and Ye = 91,939.96 


SST = 91,939.96 — =(14.77.8) = 944.425 (d.f. = 23) 


1 
SS(Tr) = 8 (732,639.56) — 90,995.535 = 584.41 (d.f. =2) 


SSE = 994.425 — 584.41 = 360.015 (d.f. = 21) 
— 584.41/2 _ 
~ 360.015/21 
Since F = 17.0 exceeds Fo 9,55, =5-78, null hypothesis must be rejected. The difference in 


effectiveness are significant. 
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15.17 a=4, n=5, T, =70, T, =75, T;, =79, T,, = 69, T. = 293, 
and yp yee = 4407 


SST = 4407- 55 (293) = 4407 — 4292.45 = 114.45 (d.f. =19) 


SS(Tr) = (21,527) ~ 4292.45 =12.95 (d.f.=3) 


SSE =114.55-12.95= 101.6 (d.f. = 16) 
_ 12.95/3 _ 


1016/16 
Since F = 0.68 does not exceed Fo 95316 = 3-24, mull hypothesis cannot be rejected. 


Differences among the sample means are not significant. 
15.18 a =3, n=6, T, =135, T, =120, T, =78, T =333, §) 1 x° = 6507 


1 
SST = 6507 — 7g 333) = 6507 — 6160.5 = 346.5 (d.f. =17) 


1 
SS(Tr) = 6 (38,709) — 6160.5 = 291.0 (d.f. = 2) 


SSE = 346.5—291.0=55.5 (d.f. = 15) 
_ 291.0/2 | 
S5SHS.- 
Since F' = 39.3 exceeds Fo 955 = 3-68, mull hypothesis must be rejected. Differences in 





dosage have an effect. 
133 


a, = 1 niga, == pe eee 1.5, 
6 6 


Of, = = -18.5= 5.5 


15.19 a=4, n, =8, n, =8, n, =6, n, =9, N =31, T, =574, T, =547, 
T,, = 449, T, =584, T =2154 
Sx = 41,386 + 37,491 + 33,683 + 38,064 = 150,624 





SST = 150,624 — = (2154) = 150,624 — 149,668.26 = 955.74 


SS (Tr) = (41,184.5 +37,401.125+ 33,600.17 +37,895.11) — 149.668.26 = 412.645 
SSE = 955.74 — 412.645 = 543.095 
_ 412,645/3 


~ §43.095/27 — 
Differences cannot be attributed to chance. 


6.84 Fo053.27 = 2-99 
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15.20 a=3, n, =4, n, =2, n, =3, N=9, T, =1908, T, =990, T, =1445, 
T= 4343 
SY) Y x” = 910,662 + 490,068 + 696, 725 = 2,097,455 


SST = 2,097,45 — ; (4343)? = 2,097,415 —2,095,738.8 = 1676.2 (d.f. =8) 


SS(Tr) = 910,116 + 490,050 + 696, 008.3 — 2,095,738.8 = 435.5 (df. = 2) 
SSE = 1676.2- 435.5 = 1240.7 (d.f.=6) 
4355/2 | 


~~ 1240.7/6 — 
Null hypothesis cannot be rejected; differences can be attributed to chance. 


1.05 Fyoso¢6 = 5.14 


15.21 a=3, n, = 400, n, = 500, n, = 400, N =1300, T, =81, T, =72, 
T;, = 43, T =196, }) Sx? = 840 


SST = 840—- 5 (196)" = 840— 29.95 = 810.45 (d.f. = 1299) 


SS(Tr) = (16.40 + 10.37 + 4.62) — 29.95 = 1.84 (d.f. = 2) 
SSE = 808.61 (d.f. = 1297) 
1.84/2 


~ 808.61/1297 _ 
Null hypothesis cannot be rejected. Result same as in Ex. 13.74. 


1.48 F.05,2.1297 = 3-90 











15.22 i 0 1 k =3, n, =124, n, =82 
A| 12 | 23 | 89 | 124 n, =170, N = 376 
B| 8 12 |) 62° | 82 T, = 717, T, =54, T; =98 
Cc} 21 30 | 119 | 170 P2229, SS x 231i 

















SST = 311-229)? = 311-139.47=171.53 (d.f. = 375) 


SS(Tr) = (47.81+ 35.56 + 56.49) — 139.47 =0.39 (d.f.) =2 
SSE = 171.35 —0.39 = 170.96 (d. f. = 373) 
0.39/2 


~ 170.96/373 
Null hypothesis cannot be rejected. Result same as in Ex. 13.73. 


0.43 Foo12373 = 4-61 
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15.23 


15.24 


15.25 


a=3,n=4, T, =1974, T,, =185.9 T, = 206.0, T, = 137.6, 
T, = 165.5, T, = 157.6, T, = 128.6, T_, = 589.3 
SY x° = 9,888.3 + 8,732.45 + 10.697.8 = 29,318.55 


SST = 29,318.55— (589.3) = 29,318,55 — 28,939.54 = 379.01 (d.f.=11) 


1 
SS(Tr) = 1 (115,961.57 — 28,939.54 = 50.85 (d.f. = 2) 


SSB = 5 (87,699.73) — 28,939.54 = 293.70 (d.f. = 3) 


SSE = 379.01-—50.85 — 293.70 = 34.46 (d.f. = 6) 
ta 4g F, _ 293.7013 _ 
34.46/6 34.46/6 
Foo126 =10.9 Fo0136 = 9.78 


Since F = 4.43 < 10.9, null hypothesis for launchers cannot be rejected. Since F = 17.05 > 9.78, 
mull hypothesis for fuels must be rejected. Difference among fuels is significant. 


17.05 


a=4,n=3, T, =8.8, T, =8.8, 7, =9.7, T, =10.3, T, =13.2, 
T, =114, T, =13.0, T. =37.16 
Ye = 26.16 +25.9+ 31.45 + 35.55 =119.06 


SST =119.06- 5 37.6) = 119.06 -117.818 = 1.25 (d.f.=11) 
SS(Tr) = 5 (355.06) ~117.81=0.54 (df. = 3) 


SSB = ~(473.2) —117.81=0.49 (df. = 2) 


SSE = 1.25—0.54 —0.49 = 0.22 (d.f. = 6) 


ee 20) Pe 26 GR 
0.22/6 


Fo.05,3.6, = 4.76 Fo.05,2.6 =5.14 


Since 4.91 > 4.76, null hypothesis for laboratories must be rejected. 
Since 6.68 > 5.14, null hypothesis for diet foods must be rejected. 


a=5,n=4, T, =83.1, T;, =103, T; = 94.5, T,, =95.2, T; =85, 
T, =115.8, T, = 112.1, T, =114, T, =118.9, T. = 460.8 
SY x? 17.28.59 + 2655.48 + 2241.47 + 2277.22 +1810.42 = 10,713.18 


1 
SST = 10,713.18 ~ 59 (460-8) = 10,713.18 — 10,616.83 = 96.35 (d.f. = 19) 
1 
SS(Tr) = Z (42, 732.9) — 10,616.83 = 66.40 (d.f. = 4) 


SSB = =(53,109.26) — 10,616.83 = 5.02 (d.f. = 3) 
SSE = 96.35 — 66.40 — 5.02 = 24.93 (d.f. = 12) 
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_ 66.40/4 _ 5.02/3 


F;, = = 7.99 F, =———— = 0.81 
24.93/12 24.93/12 
Fo.05,4,12, = 3.26 Fo.05,3,12 = 3.49 


F,,, = 7.99 (for threads) is significant. F, =0.81 (for measuring instruments) is not significant. 











15.26 Teacher Lawyer Doctor 
I = independent 
East : R e R = Republican 
South R D I D = Democrat 
West D I R 

















Completing the Latin Square, we find that 
Doctor who is a Western is a Republican. 


15.27 Summing the observations in each replicate, we have T , =589.3, T , =595.8. 
Summing over the two replicates, we obtain the following two-way table: 





Fuels 
Launchers 1 2 3 4 Totals 
X 92.0 113.5 104.8 86.0 396.3 
Y 92.3 103.1 101.5 78.4 375.3 
Z 91.5 114.8 111.5 95.7 413.5 
Totals 275.8 331.4 317.8 260.1 1,185.1 


Cc = 58,519.25 


_ (1,185.1) 
2 

SS (Total) = (45.9)? + (57.6)* +...+(47.6)° —C = 721.04 

SS (Launchers) = [(396.3)* + (375.3)? + (413.4)? ]/8—C = 91.50 

SS (Fuels) = [(275.8)? + (331.4)?) + (317.8)? + (260.1)*]/6—C = 570.83 

SS (Replicates) = [(589.3)” + (595.8) ]/12-C = 1.76 

SS (Interaction) = [(92.0)* + (113.5)” +...+ (95.77 )]/2—C — SS(Launchers) — SS(Fuels) = 50.94 

SS(Error) = SST — SS(Launchers) — S$S(Fuels) — SS(Replicates) — SS (Interaction) = 6.01 


ANALYSIS OF VARIANCE 








Source of Degrees of Sum of Mean Critical 
Variation Freedom Squares Square F Hvis 
Launchers 2 91.40 45.75 83.2 7.21 
Fuels 3 570.83 190.28 346.0 6.22 
Replicates 1 1.76 1.76 3.2 9.65 
Interaction 6 50.94 8.49 15.4 5.07 
Error 11 6.01 0.55 

Total 23 721.04 


Thus, the Launchers, Fuels, and Interaction means are significantly different at the 0.01 level of 
significance. 
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15.28 Summing the observations in each replicate, we have T , = 37.6, T , =39.0. Summing over 


the two replicates, we obtain the following two-way table: 





Foods 
Laboratories A B C Totals 
1 6.9 5.1 5.7 17.7 
2 6.0 5.6 6.3 17.9 
3 6.9 6.4 7.2 20.5 
4 6.8 6.6 7A 20.5 
Totals 26.6 23.7 26.3 76.6 


SS(Total) = 247.28 — C = 2.80 

SS (Laboratories) = 245.70 -— C =1.22 
SS (Foods) = 245.12—C = 0.64 
SS(Replicates) = 244.56 —C = 0.08 


SS (Interaction) = 246.89 — C — SS(Laboratories) — SS (Foods) = 0.55 


SS(Error) = SST — SS(Laboratories) — S.S(Foods) — SS(Replicates) — SS(Interaction) = 0.31 


ANALYSIS OF VARIANCE 








Source of Degrees of Sum of Mean Critical 
Variation Freedom Squares Square PF ane 
Laboratories 3 1.22 0.41 13.7 3.59 
Foods 2 0.64 0.32 10.7 3.98 
Replicates 1 0.08 0.08 2.7 4.84 
Interaction 6 0.55 0.09 3.0 3.09 
Error 11 0.31 0.03 

Total 23 2.80 


Thus, the Laboratories and Foods means are significantly different at the 0.05 level of 


significance. 


15.29 Summing the observations in each replicate, we have T , = 122.8, T., = 122.7. 


Summing over the two replicates, we obtain the following two-way table: 





Bonders 
Operators A B C D Totals 
1 22.4 21.5 22.4 20.1 86.4 
2 22.4 22.7 21.0 22.1 88.2 
3 21.4 20.1 20.5 8.9 70.9 
Totals 66.2 64.3 63.9 51.1 245.5 


Cc 


2 
_ 245.5)" _ 2,511.26 
24 
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SS(Total) = 2,609.51—C = 98.25 

SS (Operators) = 2,533.88 — C = 22.62 

SS(Bonders) = 2,535.23-— C = 23.97 

SS(Replicates) = 2,511.26-C = 0.00 

SS (Interaction) = 2,588.84 — C — SS (Operators) — SS(Bonders) = 30.99 

SS(Error) = SST — SS(Operators) — SS(Bonders) — SS(Replicates) — SS(Interaction) = 20.67 


ANALYSIS OF VARIANCE 








Source of | Degrees of Sum of Mean Critical 
Variation Freedom Squares Square F ae 
Operators 2 22.62 11.31 6.02 3.98 
Bonders 3 23.97 7.99 4.25 3.59 
Replicates 1 0.00 0.00 0.00 4.84 
Interaction 6 30.99 5.17 2.75 3.09 
Error 11 20.67 1.88 

Total 23 98.25 


Thus, the Operators and Bonders means are significantly different at the 0.05 level of 
significance. 


15.30 Summing the observations in each replicate, we have T , = 266.6, T., = 267.0, 
T , = 262.5, T , =270.6. 
Summing over the two replicates, we obtain the following two-way table: 





DSS 
Time 0 50 100 150 Totals 
1 138.1 140.3 141.9 144.1 564.4 
2 112.8 123.4 131.5 134.6 502.3 
Totals 250.9 263.7 273.4 278.7 1,066.7 


C 


2 
= eee = 35,557.78 


SS(Total) = 35,765.15 —C = 207.37 

SS(DSS) = 35,613.72 — C = 55.94 

SS (Time) = 35,678.29 — C = 120.51 

SS(Replicates) = 35,561.90-—C = 4.12 

SS (Interaction) = 35,754.23 —-C — SS(DSS) — SS(Time) = 20.00 

SS(Error) = SST — SS(DSS) — SS(Time) — SS(Replicates) — SS (Interaction) = 6.80 
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ANALYSIS OF VARIANCE 








Source of Degrees of Sum of Mean Critical 
Variation Freedom Squares Square F Fo os 
DSS Level 3 55.94 18.65 58.28 3.07 
Time 1 120.51 120.51 376.59 4.32 
Replicates 3 4.12 1.37 4,28 3.07 
Interaction 3 20.00 6.67 20.84 3.07 
Error 21 6.80 0.32 

Total 31 207.37 


Thus, the DSS, Time, Replicates, and Interaction means are all significantly different at the 
0.05 level of significance. 


15.31 The three detergent means are: A: 77.0 B: 68.0 C: 80.0 


Sz ay ie Sepia 
n 5 


For Table IX, with @=0.01 and 12 d.f. and using R, = 1, +5; we get 





Dp 2 3 
a 4.32 4.50 
R, 9.24 9.63 
We obtain 
Detergents: B A C 
Means: 68.0 77.0 80.0 





and we conclude that detergents A and C do not give rise to significantly different means at the 
0.01 level so significance. 


15.32 The five block means are: 24.75, 27.50, 28.25, 27.75, and 30.75. Proceeding as in Exercise 


15.31 with 
Sz = 2.27 =0.75 


we obtain from Table IX, with @ =0.05 and 12 df. 
Dp 2 3 4 5 
I, 3.08 3.23 3.31 3.37 
R, 2.31 2.42 2.48 2.53 


Thus, 
Blocks: | Monday Tuesday Thursday Wednesday Friday 
Means: 24.75 27.50 27.75 28.25 30.75 





and we conclude that there is no significant difference among the means for Tuesday, 
Wednesday, and Thursday at the 0.05 level of significance. 
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15.33 The four compressor-design means are: 46.50, 22.63, 61.25, and 48.00. The four region means 
are: 52.88, 40.50, 52.88, and 32.13. With 


Sz = oz = 2.65 
8 


For both designs and regions, and from Table IX with @=0.05 and 15 d. f., we get 





P 2 3 4 
ie 3.01 3.16 3.25 
i 8.58 9.01 9.26 
Thus, 
Designs: B A D C 
Means: 22.63 46.50 48.00 61.25 
Regions: Southwest Southeast Northwest — Northeast 
Means: 32.13 40.50 52.88 52.88 





We conclude, at the 0.05 level of significance, that designs A and D do not give rise to 
significantly different means and that the same is true for the Southwest and Southeast and for 
the Northwest and northeast regions. 


15.34 The three diet-food means are: 3.33, 2.96, and 3.29. The four laboratory means are 2.95, 2.98, 
3.42, and 3.42. With 


Diet foods: sz = \— = 0.06; Laboratories: sz = \— = 0.07 


and using Table IX with @=0.05 and 11 d.-f., we get 


Diet Foods Laboratories 
D 2, 3 2 3 4 
'e 3.11 3.26 3.11 3.26 3.34 
R, 0.19 0.20 0.22 0.23 0.23 
Thus 
B C A 1 2 3 4 
Means: 2.96 3.29 3.33 2.95 2.98 3.42 3.42 








We conclude, at the 0.05 level of significance, that diet foods A and C, laboratories 1 and 2, 
and laboratories 3 and 4 do not give rise to significantly different means. 
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15.35 The three launcher means are: 49.54, 46.91, and 51.69. The four fuel means are: 45.97, 55.23, 
52.97, and 43.35. With 


Launchers: sz = Po = 0.26; Fuels: sz = ae = 0.30 


and using Table IX with @=0.01 and 11 d-f., we get 


Launchers Fuels 
Dp 2 3 2 3 4 
I, 4.39 4.58 4.39 4.58 4.70 
R, 1.14 1.19 1.32 1.37 1.41 
Thus 
Y xX Z 4 1 3 2 


Means: 46.91 49.54 51.69 43.35 45.97 52.97 55.23 





We conclude, at the 0.01 level of significance, that fuels 2 and 3 are not associated with 
significantly different means. 


15.36 The DSS means are: 31.36, 32.96, 34.18, and 34.84. With 
DSS Level: s, = |= = 0.41; Time: sz = = = 0.29 


and using Table IX with @ =0.05 and 21 d.f., we get 


DSS Level Time 
Dp 2 3 4 2, 
e 2.95 3.10 3.19 2.95 
R, 1.21 1.27 1.31 0.86 
Thus 
0 50 100 150 28 7 
Means: 31.36 32.96 34.18 34.84 31.89 35.28 





We conclude, at the 0.05 level of significance, that the means associated with DSS levels 100 
and 150 are significantly different. 
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15.37 The Bonder means are: 11.03, 10.72, 10.65, and 8.52. The Operator means are: 10.80, 11.03, 
and 8.85. With 


Bonders: s= = = = 0.56; Operators: s— = == = 0.48 


x x 


And using Table IX with @=0.05 and 11 d-f., we get 


Bonders Operators 
P 2 3 4 2 3 
lr, 3.11 3.26 3.34 3.11 3.26 
R, 1.74 1.83 1.87 1.49 1.56 
Thus, 
D C B A 3 1 2 


Means: 8.52 10.65 10.72 11.03 8.86 10.80 11.03 








We conclude, at the 0.05 level of significance, that the mean bonding strengths for bonders A, 
B, and C are not significantly different, nor are those for operators 1 and 2. 


15.38 m= 3, T,, = 230, T,, = 260, T, = 246, T, = 240, T, = 248, 
T, = 248, T, = 244, Ty = 274, Ty =218, T, = 736 
SY x? =17,782 + 22,662, +20,438 = 60,882 
SST = 60,882 - : (736)° = 60,882 - 60,188.44 = 693.56 (d.f.= 8) 


SSR = +(181,016) — 60,188.4 = 150.23 (d.f. = 2) 


SSC = sil 80.608) — 60,188.44 = 14.23 (d.f. = 2) 


SS(Tr) = xt 82,136) — 60,188.44 = 523.56 (d.f. = 2) 
SSE = 693.56 — 150.23 — 14.23 — 523.56 = 554 (d.f. = 2) 





| ea US pees 25 ies RETOOL gis 
5.54/2 5.54/2 5.54/2 
Fo.05,2,2 =19.0 


(a) F,, (for instructor) = 94.5 is significant 
(b)  F. =2.57 (for ethnic background) is not significant 
(c) F, =27.12 (for professional interest) is significant 
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15.39 (a) 
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First we calculate the following totals: T = 2,030, T, =645, T, =771, T, =614, 
T, =913, T, = 380, T =T(,) = 680, T,,, = 646, T,,, = 704. The correction term is 


C= ac /9 = 457,878. The total sum of squares is the sum of the squares of the nine 


observations, minus the correction term. The sums of squares for rows, columns, and 
treatments, respectively, is the sum of the squares of the corresponding totals, divided by 
3, minus the correction term. For example, the sum of squares for rows is 


(645° +771° +614”) /3—C = 4,609. We then get the following analysis-of-variance table: 








Source of Degrees of Sum of Mean 

Variability Freedom Squares Square f 
Rows 2 4,609 2,305 10.4 
Columns 2 49,168 24,584 111 
Treatments 2 566 283 1.28 
Error 2 44] 221 

Total 8 54,784 





(b) 


15.40 (a) 


15.41 (a) 


(b) 


(c) 


No. With only 2 degrees of freedom for error, the f-tests have very little power. 


First we calculate the following totals: 7. = 763.5, T,, =154.2, T, =151.7, T;, =143.2 
T,, = 154.3, T; =150.1, 7, =161.4, 7, =164.8, 7, =152.1, T, =124.1, 7; =161.1, 
Ty) =156.8, T,.) =150.9, T.3) =152.2, T4) = 154.1, Ti, = 149.5, and T, = 763.5. The 


correction term is C = T* /9 = 457,878. The total sum of squares is the sum of the 
squares of the nine observations, minus the correction term. The sums of squares for 
rows, columns, and treatments, respectively, is the sum of the squares of the 
corresponding totals, divided by 5, minus the correction term. For example, the sum of 
squares for rows is (154.27 +151.7? +...+150.1°)/5—C = 244,76. We then get the 


following analysis-of-variance table: 











Source of Degrees of Sum of Mean 
Variability Freedom Squares Square f 
Rows 4 2.56 0.64 <l 
Columns 4 222.20 55.55 49.4 
Treatments 4 6.50 1.63 1.45 
Error 12 13.50 1.125 
Total 24 54,784 
Factor Level 1 Level 2 Level 3 Level 4 

A 1 2 

B 1 2 3 

C 1 2 3 4 


For r replicates, the total degrees of freedom is 24r—1. This leaves 
24r—1—23-(r—-1) =23(r-1) degrees of freedom for error. For there to be at least 30 


degrees of freedom for error, r must be at least 3 replicates. 


The only three-factor interaction is ABC, with 6 degrees of freedom. Without 
replication, and assuming ABC = 0, there would be only 6 degrees of freedom for error. 
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15.42 The analysis of variance shows the following significant effects (effects having P-values less 


than or equal to 0.05). 
Effect df Mean Square f P 
A 1 270.28 12.45 0.003 
B 1 205.03 9.45 0.007 
C 1 124.03 5.71 0.029 
E 1 357.78 16.49 0.001 
CE 1 157.53 7.26 0.016 


15.43 There are 16 three-factor and higher-order interactions. If it is assumed that they do not exist, 
there will be 16 degrees for freedom for error. 


15.44 MINITAB software provides a table of means for the main effects. Here are the means for the 
significant main effects. 


Level N A Level N B Level N C Level N E 
1 16 44.063 1 16 38.625 1 16 43.125 1 16 = 37.812 
2 16 = 38.250 2 16 43.688 2 16 39.188 2 16 44.500 


Each main effect is the difference between its mean at level 2 and at level 1. Thus, the 
significant main effects are: 


A= —5.813, B=5.063, C= —3.937, E= 6.688 


15.45. No. The effects C and E interact with each other. 


15.47 Increasing temperature from 68° to 74°F decreases the gain by 5.813. Increasing the partial 


pressure from 107'° to 10~ increases the gain by 5.063. While there was only a negligible 
change in the gain when the relative humidity was increased in the laboratory from 1% to 30% 
(an increase of 0.5), the gain decreased by 20%, from 42.000 to 33.625, on the production line. 
(Confidence intervals should be constructed for these estimates.) 
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x f2(x, +x) _ X+X, 


16.1 (a) tH = 
s {V2 . (%,-%)) +(%),-%,)7 








+ 
(b) Since the function f(x) = his Ole decreasing for x > x, >0 


x — Xy 
it follows that lim f(x) =1<t’ = f(10x,)<t= f(x) 
Xoo 


16.2 When T* =k then T = mk and then 


P(T* == PT =e) 


=P =e) 
2 


Se aee : n(n+1 
So that distribution is symmetrical about the) : 


p(r* =H) 4 e)=e[7 - “eth .) 














4 
= o(r° u nth | 
4 
(ie i Nees aa |e ) 1" | =ort a = 


n(n +1) _ n(n +1) 





E(X)=2: Fi =0 by Theorem 16.1 
+1)(2n +1 
var(X ) = ae by Theorem 16.1 
_ n(n+1)(2n +1) 
6 





16.4 n=5, P(T =0)=[P(x=0)} =(0.5)° =0.031> 0.02, where x is a Bernoulli variable. 
Therefore, 7), does not exist forn =5. 


i6s . ae oe ae ee 
1 2 1 ) 2 5 
_ (my FNM +My FY MG|tY Hy FV 
2 2 2 


= MN 
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n(n +) nit) _ 
2 2 


0 





(b) minU, = 


+1 +1 
maxU, = "h(n, ++ ny +m) ED alta 2) ) 
= MN 


Same proofs for U,. 


16.6 i 
Dodesaatectonet |--------------- 
Seated |--------------- 
ntn,+1-4r 
From left to right we get W, = y ry, and right to left we get W, =n,(n, +n, +1)- DS hes 
Probabilities are the same. 
: n(n, +n, +1) 
PW,) =P {n, +n, +1}-W,) — .. symmetrical about ———_>—— 
when W, = mob 7 uae 
U. = n(n +n, +1) n(n +) _ MN, 
; 2 2 2 
16.7 U,=W,- n(n, +1) zs (n, +N, (nN, +n, +1) Se n(n, +) 
2 2 2 
_ ih | n(n, +n, +1) _W, 
2 2 


Proof is same for U,. 


16.8 Ranking of x's are 7 <4 <4 <...<7, 
1 


Number of y's preceding 7, is 74, —1 
Number of y's preceding 7, is (, -1)+(,-4,-D=4-2 
Number of y's preceding , is (, -1)+(4-4-D+(4-45-)=4-3 


Number of y's preceding 7, = 7, — 1 


n 


i >, —(14+24+3+...n,)=W, - we 
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: 2 
ig pe Ay 
n(nt+l) n 2 


- 22 EE ooh (2 J Sn 


i=) yey ee 12 (n+ly - 








na) i OS nin+1 4 


L 


12 GR 12 ntl) 
2 








L 


7 nint+l)an, nn 


12 GR 
= —+-6(n+1)+3(n+1 
Mat n, ery 


L 





+3(n +1) 








12 GR 
= ae ae —~3(n+1) QED 


n(n+1) 


16.10 T.=R,, aay, pe 
L t yin, n a 2 


yy x= ea 























SST = nse Ee mn =) — ee 
‘RR? n(n+1) , R? ——_ 
SST. = ) —-  — d.f.=k-1 
oa es ear 
k p2 
sse= ssn, = Minttn2n y= i (i p26) 
i=l Nn; 
k 
singe UREN ey cee ae 
12 eat: 4 
SST. = n(nt)) 7, 
12 
2 2 
ssp a RF Dnt) nat) _ nat) _ nn ) ant), 
12 4 12 12 
antl) 5, n—-k 
12(k-1) ae ol 


nn? 1) n(n4t) eg Ga 
12(n-k) 12(-k) 
The test based on F is equivalent to test based on H. 
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16.11 k +1 runs of first kind and k 
_., {n,-l\f(n,-1 
runs of second kind in i ways 
k runs of first kind and 


_., (na -1\fn-1 
k + 1 runs of second kind in poh k ways 


In total ‘ ele a? ae . ways 
k k-1 k-1 k 
fi = a a? + " = ‘| 
k k-1 k-1 k 
So fQk+l= QED 





16.12 n, =7, n, =3 


Aol) > 1, 4 Lleol) ss 




















FO=—~ AY “720 T= 120 120 60 
7 
6\(2 6\(2) (6)\(2 
LG) oe lela) cae de 
fO=—~ 90-120 60° 7 120 ~ 120 60 
6\(2 6\(2\ (6\(2 
Ala) so as Ule)*al3}_ 20 1 
(Osa Os a 
5\(4 
(33) 2-10-4 80 
BT IO avn 46o 46D 
6 
Gls 
4}\3) \3)K4)  5-44+10-1 30 
i 462 462462 
5)\(4 
ba sate 
0 = 62 462 46 
Sls 
+ 
pape WAS) _ 
462 462 
12111 


FR)+ FO)+ fA0)+ FAD= T= 7, 
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(lo) 
0)0 > 
16.14 f(2)=-+ fey os = 0.000155 
8 
Cobol) 
+2 
1}\0 O}\1 14 
f3)=——————— = —— = 0.001088 
12,870 12,870 
Wan 
f(a) = Ll 98 =fanas f(2)+ f (3) = 0.001243 
12,870 12,870 f (2)+ f(3)+ f (4) = 0.008858 
co Is J = 0.000155 
12; 12,870 
anal i ) ( it J. ue = 0.001088 
12,870 12,870 
fdl4 alt J | se = 0.007615 


12,870 12, = 
Reject null hypothesis for U = 2, 3, 15, and 16 


k(n+1) 


16.15 W=0 makes R, = aa for each value of i; it reflects a complete lack of association. 


There is complete agreement, for instance, when R, = ki and 





Si. weir 
We ) 


i=l 


12 2 n(n +1)” 
eT “|S ony ; met] 


12 n(n +1)(2n +1) 2 (n+1)n(n+1) % n(n +1)” 
n(n> —1) 6 2 4 





7 —— (22n+1)-6(n+1) +3(n+D} 
we 


=1 


16.16 = 20-5 =10 o=,/20 


meat Le = —2.68 or z= fN s, ~2.46 
2.236 


2.236 
Since z= —2.68 (and z =—2.46) is less than —1.96, null hypothesis must be rejected. 
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16.17 Differences are 
13 09 1.1 #38 3.1 26 18 25 #12 2.4 
11 75 9 20 19 17 13 16 10 15 


01 29 O1 08 O06 06 03 19 O09 14 
15 618 «15 6 45 4.5 3 14 75 12 


T* =7.5+1941.54+4.5 = 32.5 less than T™ 
T= 32.5 T95 =52 forn = 20 
Since 32.5 < 52, null hypothesis must be rejected. 


16.18 There are x = 12 plus signs among n = 16 a@=0.05 
p =0.5 against p > 0.50, p-value p(x 212) = 0.0381 
Since p-value is less than 0.05, reject the null hypothesis. 


16.19 1.15 0.85 4.75 -0.37 2.09 6.63 -2.35 0.27 
8 6 14 4 11 16 12 3 

-0.20 2.45 1.29 O51 4.80 1 -152 0.11 

2 13 9 ) 15 1 10 1 


T = 28, p= 25728108, 7 =28 a=0.05 


Reject if T” <7) ,) = 36 
Since T~' = 28 < 36; null hypothesis must be rejected. 


16.20 n= 10, a@=0.05 
(a) based on T; reject if T <7); =8 T <8 


(b) based on 7; rejectif T <7T),,=11 T <1l 
(c) basedon T°; rejectif T*’<T],,=11 T* <1 


16.21 n= 10, a@=0.01 
(a) based on T; reject if T <7), =3 


(b) based on TJ’; reject if T” <7) =5 
(c) based on T°; reject if T* < Tyo) =5 


16.22 “4 =35 against “435, ~@=0.05,n= 11 
3 8 1 -6 9 -7 5 15 4 12 -2 
3 8 1 6 9 7 5 ll 4 10 2 


f-S15, 1" SSNS, et 
Since T= 15 is not <11, null hypothesis cannot be rejected. 
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1623.15. 18 -20 22° 25. 27 28. 29 32 35: 36 38 
2 2 2 2 1 2 1 2 1 1 1 1 
1 2 3 4 5 6 7 8 9 10 11 = 12 


W, =1424+34+4+6+8= 24 


u=24-2 7-3 My > lh a=0.01 Uoo2 =3 


Since U, =3 =U , , null hypothesis must be rejected. 
16.24 @=0.05 W&<L U, SU po, =10 
W, =8414+3.54+54+2+7=26.5 
“7 
U, oY ic ee ee 
2 
Since U, =5.5<10, null hypothesis must be rejected. 
16.25 @=0.05 W#L n, =10, n, =12, U SU p95 = 49 
W, =184+24+94+104+5+4164+274+114+94+204144+234+6+425+423+3 = 208 
U, = 208-72 88, U, =15-12—88=92, U =88 


Since U = 88 exceeds 49, null hypothesis cannot be rejected. 


=-0.10 





16.26 p= = 90, 3? = 15:12:28 88-90 


= 420, 0 = 20.5, z= 


Since z=—0.10 falls between —1.96 and 1.96, null hypothesis cannot be rejected. 


1.27ABAAABABBABAAABBBBB 
SY d= 14+44545464949494949 = 66=U, 


SY 4 =04141414244454545=24 =U, 
16.23B BBBABABAAAA 
U =0+0+0+04+1+2=3 


16.29 n, =14, n, =8, u=5, @=0.05 
Ujo2s = 6 Since u=5<6, null hypothesis of randomness must be rejected. 





16.30 n, =12, n, =10, u=17, @=0.05 
Since u = 17 and Up), = 17, null hypothesis of randomness must be rejected. 








16.31 n, =5, n, =8, u=4, @=0.05 
Since u = 4 falls between up), =3 and up; = 11, null hypothesis of randomness cannot be 
rejected. 
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16.32 n, = 38, n, =22, u=28, a=0.05 
2-38-22 
{iS 











+1= 28.87 
2. 38.92(2-38-979 = 1672-1612 
o= eBe2 a eh) 22012 2I8 = 12.69 a= 3.56 
607 -59 212,400 
2 28 — 28.87 = 0.24 or z= 28.5— 28.87 =-0.10 
3.56 3.56 


Since z = 0.24 (or —0.10 with continuity correction) falls between —1.96 and 1.96, null 
hypothesis cannot be rejected. 


16.33 n, =24, n, = 24, u=30, a=0.01 











Bee eos 
oe sient oni _ 1152-1104 -11.74 Pee 
482-47 108, 288 
ge 30= 25 _ 1.46 or z= BA P05 1.31 (with continuity correction) 
3.43 343 


Since z = 1.46 falls between —2.575 and 2.575, null hypothesis cannot be rejected. 


16.35 Median is 30.5 and we get 
bbabbbaaabaaabababbbaaab 
n, =12, n, =12, u=13, a=0.01 
Since u = 13 falls between 6 and 20, null hypothesis cannot be rejected. 





16.36 Median is 99.7 
baabaaabbbababababababab 
n, =12, n, =12, u=19, c=0.05 
22 T212 





+1=13 





a EE Og 930. Ga 
9A? .23 13,248 
2 18.5-13 


2.40 
Since 2.29 exceeds 1.645, null hypothesis must be rejected. There is a definite cyclical pattern. 


=2.29 (with continuity correction) 


16.37 11.3. 12.2 13.0 132 141 14.7 149 15.2 15.3 15.4 
A B A A A B A B B A 
16.2 166 16.9 17.0 183 18.9 194 19.8 21.2 
B A A A B B B B B 


n, =9, n, =10, u=10, a =0.05 














SEO ange gee ee Ae o=2.11 
9 192 -18 6498 

_ 10-1047 455 
2.11 


Since —0.22 is greater than —1.645, null hypothesis cannot be rejected. 


Chapter 16 253 





16.38 R, R, d Sa’ =137 
13 12 1 6(137) 
14 nl 3 Geen 

1 2 -1 
16.5 14.5 2 
2.5 1 1.5 
15 16 -1 
16.5 17.5 -1 
8 13 —5 
6.5 8.5 —2 
18 17.5 0.5 
10.5 14.5 -4.0 
2.5 8.5 -6.0 
4 4.5 -0.5 
5 3 2 
10.5 6 4.5 
10.5 8.5 2 
6.5 4.5 2 
10.5 8.5 2 
0.86-0 
16.39 z i/Jigal 0.86(4.423) = 3.55 


Since 3.55 exceeds 1.96, the value of r, is significant. 





16.40 S'd? =138 r, ai OU) = (050095 
15-224 
16.41 }'d? = 130.5 pare) 529452054 
12-143 


_ 0.54-0 


L= 
VV 





= 0.54(3.3166) = 1.79 


Since z=1.79 falls between —1.96 and 1.96, null hypothesis cannot be rejected; r, = 0.54 is 
not significant. 











16.42 R, =15, R, =12, R, =7, R, =15, Ry =29, R, =10, R, =11, Ry = 25, 








Rss eis Gs 
2 2 
12 2 2 2: 2; 2: 2; 
W= —1.5)* + (-—4.5)* + (-9.5)* + (-1.5)° + (12.5)* + (-6.5 
TETAS yo +(-4.5)° + (-9.5)° +(-1.5)° + (12.5)° + (-6.5) 
+(-5.5)* +(9.5)? +(8.5)* +(-1.5)° 
12 


= [508.5) = 0.685 
90-99 
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6(86) 


16.43 AandB = }'d” = 86 r, =1-———_ =1-0.521= 0.479 
10-99 
AandC S\d* =40 r, 22 OO) 2707758 
990 
BandC Sd” =108 pep SO 19.685 01345 
F, = 0.527; KW =1 _ 3(0.685)-1 _ 9 go75 


k-1 2 


16.44 Number of plus signs = 25 out of n = 36 a=0.01 
= 35(0.5) =18, o= ./36(0.5)(0.5) = 3, z= = aR 2.16 using continuity correction. 





Since 2.16 is less than Z) 9, = 2.33, null hypothesis cannot be rejected. 


16.45 0.1 1.1 0.3 1.1 1.0 0.7 0.6 0.4 0.8 1.0 


- + + + + + + + + - 
3.5 33.5 125 335 30.5 25 23 17 26 30.5 
0.3 0.2 0.1 0.1 0.1 0.6 0.6 0.2 0.4 0.5 
+ + - - + + - - + + 
125 85 3.5 3.5 3.5 23 23 8.5 17 20.5 
1.6 1.4 1.0 0.1 0.3 0.4 0.2 0.1 0.3 0.5 
+ + + + + - - - + + 
36 35 30.5 3.5 125 17 8.5 3.5 125 20.5 
0.2 0.4 1.0 0.4 0.9 0.9 

+ - + + - - 

8.5 17 30.5 17 275 275 


T =3.54+30.54+3.54+3.5+23+8.5+174+8.543.5+17+27.5 


= 146 
= 36°37 = 333, 0 = 36-37-73 = 4051.5, = 63.65, z= 146-333 = 2.94 
4 24 63.65 
a=0.01 


Since —2.94 < —2.33, null hypothesis must be rejected. 


16.46 +++ —-+++4+ —--+4+- x=8 
Forn=12andp=0.5 P(x>8)=0.1937 a@=0.01 


Since 0.1937 > 0.01, null hypothesis cannot be rejected. 


16.47 43 js) 13 11 6 18 12 6 2 7 3 10 
+ + + - + + + - - + + - 
12 11 9 7 30 10 8 a0 1 iS) 2 6 

T° =7+3.54+1+6=175 Toi9 = 10 


Since 17.5 > 10, null hypothesis cannot be rejected. 
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16.48 Number of plus signs x = 7 n= 24 a@=0.05 
= 24(0.5) =12 and o=,/24(0.5)(0.5) = 2.45 
Z= ae = —2.04 or z= (Bat =—1.84 (with continuity correction) 
Since —1.84 < -1.64, null hypothesis must be rejected. 
16.49 -5 -13 -6 9 -8 —1 6 -7 7 -11 
9 24 12 20 18 1.5 12 15 15 21 
—1 -8 3 -12 -3 6 =5 12 -8 3 2° v5 
1.5 18 5 225 5 12 9 225 18 PS) 3 9 
T* =204+124+15+7412+422.5+3=91.5 
n=24 Th 49 = 92 
Since 91.5 < 92, null hypothesis must be rejected. 
16.50 -5 9.4 11.1 —9.3 -1.5 15.6 29 4.3 12.9 -0.9 
11 16 17 15 4 22 24 9 19 2 
13 77 11.2 -0.1 3.8 -1.9 26.3 5:5 15.4 
20 14 18 1 7 6 23 12 21 
3.9 1.6 6.2 4.7 -1.4 
8 5 13 10 3 
T =114+15+4+2+14+6+3=42, T= ae =42- 258 
T=42 
(a) Tho, =81 Since 42 < 81, null hypothesis must be rejected. 
(b) Gia 2450 oS =1205 o = 35 
_ 258-150 _ 3.09 
35 
Since 3.09 exceeds 1.96, null hypothesis must be rejected. 
16.51 5 -12 3 8 11 -8 —-16 13 
Ts 16 4 11.5 15 11.5 19 17 
3 5 —2 —10 -15 1 9 7 
4 To 2 14 18 1 13 10 
6 4 3 
9 6 4 
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(a) T* =7.5411.5+15+174447.5+1413+10+9+46 = 101.5 
7 =P -101.5=985, T=98.5 Tyg = 45 


Since 98.5 is not < 46, null hypothesis cannot be rejected. 


19-20 19-20-39 

b = = 95 fe 

(b) yu ri vi 
1015-95 


24.85 


= 617.5 o = 24.85 


= 0.26 


Since 0.26 falls between —1.96 and 1.96, null hypothesis cannot be rejected. 


16.52 @=0.05 W#L n, =n, =20 


90-3 20-20-41 
p= 22-200, o = St = 1366.7, oO = 36.97 


ries) doe = 2 hes em 
2 36.97 


Since z = 2.41 exceeds 1.96, null hypothesis must be rejected. 


=241 


16.53 @=0.05 W>L n, =n, =16 W, = 307 
U, ~ 397-1617 «171, gp 19g Co _ 16-16-33 _a, 
2 2 12 
and 0 = 26.53 
3 171-128 =162 
26.53 


Since z = 1.62 is less than 1.645, null hypothesis cannot be rejected. 


16.54 w=0.05 Yopsg= 1815 

R, =4+7+10+14+18=53 

R, =5+12+15+16+20= 68 

R, =14+3+6+9+11=30 

R, = 24+84+134174+19 =59 
344% ‘SS | sama 
20-21\ 5 5 5 i) 


Since 7 = 4.51 is less than 7.815, null hypothesis cannot be rejected. 


16.55 n, =n, =n, =10 a=0.05 df.=2 Mies = 5.991 
R, =1.54+54+7.54+10.54+124+13415.5+18+ 25+ 28 =136 
R, =34+54+7.54+9+410.5 +204 214 22.5 + 28+ 30= 156.5 
R,=1.54+5414415.54+184+18+ 22.54 25+ 25 +28 =172.5 
__12_ | 136° | 156.5° | 172.5° 
30-31) 10 10 10 
Since H = 0.86 is less than 5.991, null hypothesis cannot be rejected. 





— 3.31 = 93.86 — 93 = 0.86 
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16.56 n, =8, n, =10, n; =8 a=0.01 Pooix= 9210 
R, =3+6+12+13+15+21+25+26=121 
R, = 2+44+8+4114+14+16+20+22+23+24=144 
R, =14+5+7+9+10+174+18+19 = 86 
= Be ~ = ~ ae: ren = (0.017094)(4828.225) 
26-27 8 10 8 


= 82.53-81=1.53 
Since H = 1.53 is less than 9.210, null hypothesis cannot be rejected. 





16.57 Median = 21.5 


bbbbbbabbbbbbbaabbbbbbbaaabbbaabaaaa 
abaaaaaaaaaaaa 





n, = 25, n, = 25, u=12, a= 0.025 





gee 456 2 a 2125:25(2- 25-25-50) _ 15 94 
50 50-50-49 
12-26 : i ak : 
o = 3.50 Z= 350 =-4 (-3.86 with continuity correction) 


Since z = —4 (or —3.86 with continuity correction) is less than —1.645, null hypothesis must be 
rejected; there is a trend. 


16.58 Median is 5 
n, =14, n, =13, u=5, a=0.01 
aaaaaaaabbbbbbbaaaaabbbbbba 





Since u = 5 is less than 7, the null hypothesis must be rejected. 


16.59 Median = 138 a=0.05 
bbbbbaabbaaaababbbaaaabbbabbaaaa 


n, =16, n, =16, u=12 











aN 5 49 
32 
7 ee Ee — 312-480 _ os ago o=2.78 
327.31 31,744 
a es Len 
2.78 


Since z= ~—1.80 is less than —1.645; the null hypothesis of randomness must be rejected; there 


seems to be a trend. 


